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INTRODUCTION

The United States Environmental Protection Agency (U.S. EPA) requires that all environmental
monitoring and measurement efforts mandated or supported by U.S EPA participate in a

centrally managed quality assurance (QA) program.

Any party generating data under this program has the responsibility to implement minimum
procedures to assure that precision, accuracy, completeness, and representativeness of its data are
known and documented. To ensure the responsibility is met uniformly, each party must prepare

a written QA Project Plan (QAPjP) covering each project it is to perform.

This QAPjP presents the organization, objectives, functional activities, and specific Quality
Assurance (QA) and Quality Control (QC) activities associated with the Remedial -
Investigation/Feasibility Study (RI/FS) for the H.O.D. Landfill Site. This QAP;jP also describes
the specific protocols which will be followed for sampling, sample handling and storage, chain of

custody, and laboratory and field analysis.

All QA/QC procedures will be in accordance with applicable professional technical standards,
U.S. EPA requirements, government regulations and guidelines, and specific project goals and
requireménts. This QAPjP is prepared by Warzyn Inc. (Warzyn) in accordance with the U.S.
EPA QAPjP guidance documents:

 U.S. EPA, December 1980, Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans, QAMS-005/80
* U.S. EPA, May 1991, Region V Model Supertund Quality Assurance Project Plan

* U.S. EPA, January 1989, Region V Content Requirements for Quality Assurance
Project Plan
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SECTION 1
PROJECT DESCRIPTION

1.1 Site History and Background Information

The H.O.D. Landfill Site (Site) is an inactive landfill located in the eastern boundary of the
Village of Antioch in Lake County in northeastern Illinois (Township 46 North, Range 10°East,
Sections 8 and 9). The Site is bordered on the south and west by Sequoit Creek. The Silver
Lake residential subdivision is located east of the Site, and agricultural land, scattered residential

areas, and undeveloped land is located to the north. A large wetland area extends south of the

" Site from Sequoit Creek. Silver Lake is located dpproximately 200 feet southeast of the Site. A

large industrial park area (Sequoit Acres Industrial Park), constructed on former landfill and fill
areas, is located west of the Site and borders Sequoit Creek. Refer to Figure 1-1 tof the Site

Location Map.

" The Site consists of a total of 80 acres, of which 51 acres which have been landfilled. Although

the landfilled area is visually continuous, it consisted of two separate landfill areas, identitied as
the "old" and "new" landfills. The "old" landfill, consisting of 24.2 acres sitvated on the western
third of the property, operated between 1963 and 1975. The "new" landfill, consisting of 26:8
acres situated immediately east of the "old" landfill, operated between 1975 and 1984. The

landfill accepted both municipal waste and a variety of industrial and special wastes.
A more detailed description of the site history and background are contained in the Work Plan.

1.2 Past Data Collection Activity / Current Status

The Site has been subject to a number of investigations since 1973. A discussion of the

investigations is provided in Section 3.1.6 of the Work Plan.
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A Preliminary Assessment (PA) was prepared by the E&E Field Investigation Team (FIT) for
U.S. EPA in 1983. The FIT conducted a site inspection on July 10, 1984; the Site was given a
Hazard Ranking System (HRS) model score of 52.02. At that time, the U.S. EPA proposed the
Site be placed on the National Priorities List (NPL).

An Expanded Site Inspection (ESI) was conducted by E&E during the period of 1986 through
1989, resulting in an ESI report submitted to U.S. EPA on September 22, 1989. In January
1990, the H.Q.D. Landfill was rescored under the HRS and received a revised score of 34.68.

The Site was placed on the NPL in February 1990. On August 20, 1990 Waste Management of
Illinois, Inc. (WMII) and U.S. EPA entered an Administrative Order on Consent (AOC) to
conduct a Potentially Responsible Party (PRP) lead RI/FS at the Site. Warzyn was contracted by
WMII to support the PRP lead RI/FS effort in developing the RI/FS Work Plan and other

planning documents, including this QAPjP.

1.3 Project Objectives and Scope

The purpose of the RI is to gather sufficient information to quantify risk to public health and
environment (Baseline Risk Assessment) and to develop and evaluate viable remedial
alternatives (Feasibility Study) at the Site. The objectives of the RI are to determine the nature
and extent of contamination at the Site in order to support the activities of the FS. The objective
of the RI/FS is to develop and evaluate appropriate remedial action alternatives based on the
RI/FS data.

The objectives of the data collection are as follows:

Further define the nature and extent of contamination in previously identified on-site

and oft-site areas

~

=1
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*  Determine the nature and extent of contamination in previously uninvestigated arcas

*  Collect sufficient data on all contaminated media to support the baseline risk

assessment and feasibility study.
All tasks, subtasks and activities are directed toward the accomplishment of these primary
objectives. Refer to the Work Plan Section 4.4.3 for a detailed description of the RI tasks,

subtasks and activities.

1.4 Sample Network Design and Rationale

The sample network de’sign and rationale for sample locations is described in detail in Section 3

of the Sampling and Analysis Plan (SAP) (refer to Appendix A).

1.5 Parameters to be Tested and Frequency

Sample matrices, analytical parameters, and frequencies of sample collection can be found in

Table 1-1. A summary of sample volume, bottle, preservative, and packaging requirements is

provided in Table 1-2.

1.6 Intended Data Usage and Data Quality Objectives

Data Quality Objectives (DQOs) are qualitative and quantitative statements which specify the
quality of the data required to support decisions made during the RI/FS activities, and are based
on the end uses of the data to be collected. As such, different data uses may require different
levels of data quality. There are five analytical levels which address various data uses and the

QA/QC effort and methods required to achieve the desired level of quality. These levels are:

e Screening (DQO Level I): This provides the lowest data quality but the most rapid
rcsults. Itis often used for health and safety monitoring at the Site, prcliminary

comparison to Applicable or Relevant and Appropriate Requirements (ARARS),
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Target Compound List (TCL) organic and Target Analyte List (TAL) inorganic
parameters for groundwater, sediment/soil, leachate, and surface water matrices. Low
level TCL organic and low level TAL inorganic data for municipal/private wells will

also fall under DQO Level IV.

*  Non-Standard (DQO Level V): This refers to analyses by non-standard protocols, for
example, when exacting detection limits or analysis of an unusual cherﬁical compound
is required. These analyses often require method development or adaptation. The
level of quality control is usually similar to DQO Level 1V data. For the H.O.D.
Landfill Site, data generated under DQO Level V are the volatiles for the landfill gas
samples and indicator parameters (alkalinity, chloride, hardness, sulfate, total organic
carbon (TOC), total dissolved solids (TDS), nitrate nitrogen, nitrite nitrogen, and

ammonia nitrogen) for groundwater and leachate.

" A summary of data generating activities. intended data uses and associated DQOs for the H.O.D.

Landfill Site are presented in Table 1-3.

1.7 Project Schedule
A schedule of RI/FS activities for the H.O.D. Landfill Site is summarized in Figure 1-2.
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Target Compound List (TCL) organic and Target Analyte List (TAL) inorganic
parameters for groundwater, sediment/soil, leachate, and surface water matrices. Low
level TCL organic and low level TAL inorganic data for municipal/private wells will

also fall under DQO Level IV.

*  Non-Standard (DQO Level V): This refers to analyses by non-standard protocols, for
example, when exacting detection limits or analysis of an unusual chemical compound
is required. These analyses often require method development or adaptation. The
level of quality control is usually similar to DQO Level IV data. For the H.O.D.
Landfill Site, data generated under DQO Level V are the volatiles for the landfill gas
samples and indicator parameters (alkalinity, chloride, hardness, sulfate, total organic
carbon (TOC), total dissolved solids (TDS), nitrate nitrogen, nitrite nitrogen, and

ammonia nitrogen) for groundwater and leachate.

A summary of data generating activities, intended data uses and associated DQOs for the H.O.D.

Landfill Site are presented in Table 1-3.

1.7 Project Schedule

A schedule of RI/FS activities for the H.O.D. Landfill Site is summarized in Figure 1-2.
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SECTION 2
PROJECT ORGANIZATION AND RESPONSIBILITY

Warzyn will be conducting all phases of the RI/FS. Warzyn will perform the field investigation,
prepare the RI report, and perform the subsequent feasibility study. Project management will
also be provided by Warzyn, under the direction of WMIIL. The various quality assurance and
management reéponsibilities of key project personnel-are defined below. Refer to Figure 2-1 for

the project organizational chart.

2.1 Overall Responsibility

U.S. EPA Remedial Project Ménaeer

The U.S. EPA Remedial Project Manager (RPM) is Fred Micke. The RPM has the overall
responsibility for all phases of the RUFS. |

IEPA State Project Manager

The IEPA State Project Manager is Charlene Falco. The IEPA State Project Manager will be
involved in the project as agreed between U.S. EPA and IEPA.

WMII Site Project Manager

The Site Project Manager is March Smith. The Site Project Manager is responsible for
implementing the project, and has the authority to commit the resources necessary to meet
project objectives and requirements. The Site Project Manager’s primary function is to ensure
that technical, financial, and scheduling objectives are achieved successfully and will provide the

major point of contact and control for matters concerning the project.
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Warzyn Project Manager Co

The Warzyn Project Manager is Gary Parker. The Warzyn Project Manager has the overall
responsibility for ensuring that the project meets U.S. EPA objectives and Warzyn's quality
standards. In addition, he is responsible for technical quality control and project oversight, and

will provide the Site Project Manager with access o corporate management.
The WMII Site Project Manager and Warzyn Project Manager will:

«  Define project objectives and develop a detailed work plan schedule

e  Establish project policy and procedures to address the specific needs of the project as- -
a whole, as well as the objectives of each task

*  Acquire and apply technical and corporate resources as needed to ensure performance
within budget and schedule constraints

e Orient all field leaders and support staff concerning the project’s spécial
considerations

. Monitor and direct the field leaders

* Develop and meet ongoing project and/or task staffing requirements, including
mechanisms to review and evaluate each task product

* Review the work performed on each task to ensure its quality, responsiveness, and ~
timeliness

* Review and analyze overall task performance with respect to planned requirements
and authorizations

»  Approve all external reports (deliverables) before their submission to U.S. EPA

*  Uldmately be responsible for the preparation and quality of interim and final reports

*  Represent the project team at meetings and public hearings
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Warzyn Remedial Investication Leader

The Warzyn RI Leader is Al Schmidt. The RI Leader is a support to the Warzyn Project
Manager. He is responsible for leziding and coordinating the day-to-day activities of the various
resource specialists under his supervision. The RI Leader is a highly experienced environmental
professional and will report directly to the Warzyn Project Manager. Specific responsibilities

include:
*  Provision of day-to-day coordination with the Project Managers on technical issues in
specific areas of expertise

*  Development and implementation of field-related work plans, assurance of schedule
compliance, and adherence to management-developed study requirements

¢ Coordination and management of field staft including sampling, drilling, and other
investigative work

e Implementation of QC for technical data provided by the field staff including field
measurement data

*  Adherence to established project schedule
* Review and approval of text and graphics required for field team efforts

* Coordination and oversight of technical efforts of subcontractors assisting the tield
team

* Identification of problems at the field team level, discussion of resolutions with the
Project Managers, and provision of communication between team and upper
management

«  Participation in the preparation of the tinal RI report

Technical Staff

The technical staff for this project will be drawn from Warzyn’s pool of company resources. The
technical team staft will be utilized to gather and analyze data, and to prepare various task reports

and support materials. All of the designated technical team staft are experienced professionals
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who possess the degree of specialization and technical competence required to etfectively and

efticiently perform the required work.

Warzyn Quality Assurance Officer

The Warzyn Quality Assurance Officer (QAQ) is Kevin Domack. The QAO will remain
independent of direct job involvement and day-to-day operations, and has direct access to
corporate executive staff as necessary to resolve any QA dispute. He is responsible for auditing
the implementation of the QA program in conformance with the demands of specific
investigations, Warzyn's policies, and U.S. EPA requirements. Specific functions and duties

include:

*  Provide QA audit on various phases of the field operations
* Review and approval of QA plans and procedures
*  Provide QA technical assistance to project staff

U.S. EPA Quality Assurance Manager _
The U.S. EPA QAM has the responsibility to review and approve the QAPjP. The U.S. EPA
QAO is Valerie Jones.

2.2 Specialized Responsibilities

2.2.1 Monitoring and Sampling Operations and QC

*  Principal Engineering Firm - Warzyn, Chicago, Illinois

*  Drilling - To be determined through bidding process

*  Sampling, Monitoring and Survey - Warzyn, Chicago, Illinois

e On Site Day-to-day Field Activities - RI Leader, Warzyn, Chicago, Illinois
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¢ Quality Control - QAO, Warzyn, Chicago, Illinois

2.2.2 Laboratory Analysis

*  Analysis of groundwater, surface water, sediment/soil, and leachate samples for TCL

organics and TAL inorganics as specified in Table 1-1:

Environmental Testing and Certification Corporation (ETC)
284 Raritan Center Parkway
Edison, New Jersey 08818

¢ Analysis of sediment/soil for TOC as specified in Table 1-1:

ETC
284 Raritan Center Parkway
Edison, New Jersey 08818

' Analysis of groundwater and leachate for indicator parameters (alkalinity, chloride,
hardness, sulfate, TOC, TDS, nitrate nitrogen, nitrite nitrogen, and ammonia nitrogen)

as specified in Table 1-1:
Warzyn Analytical Laboratory
One Science Court

Madison, W1 53711

*  Analysis of municipal/private well samples for low level TCL organics as specified in
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Table 1-1:

CompuChem Laboratories
3308 Chapel Hill/Nelson Highway
Research Triangle Park, NC 27709

Analysis of municipal/private well samples for low level TAL inorganics as specified

in Table 1-1:

Warzyn Analytical Laboratory
One Science Court -
Madison, WI 53711

Analysis of landfill gas samples for volatile organics as specified in Table 1-1:
Enseco - Air Toiics Laboratory
9537 Telstar Avenue, Suite 118

El Monte, California 91731

Analysis of sediment/soil samples for physical characteristics (grain size, natural

moisture content, atterberg limits, permeability, and density) as specified in Table 1-1:
Warzyn Soils Laboratory
505 Science Drive, Suite C

Madison, Wisconsin 53711 -

Analysis of soil samples for clay mineralogy using x-ray diffraction as specified in
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Table 1-1:
Core Laboratories Inc.
1875 Monetary Lane

Carrollton, Texas 75006

2.2.3 Laboratory Data and QC

Laboratory Data

*  Analytical protocol specified - Warzyn, Chicago, Illinois
*  Review of analytical protocol - ETC, Edison, New Jersey

* Review of analytical procedures - U.S. EPA Region V Quality Assurance Section

(QAS) and Central Regional Laboratory (CRL), Chicago, Illinois
* Internal QA/QC - Laboratory QAQO, ETC, Edison, New Jersey
*  Final data review and validation - Chemist, Warzyn, Chicago, Illinois

* Review of tentatively identified compounds and assessment of need for confirmation -

Chemist, Warzyn. Chicago, Illinois

2.2.4 Performance and Systems Audits

Field Operations

* Internal Audits - QAQO, Warzyn, Chicago, Illinois

*  External Audits - U.S. EPA Region V CRL and Central District Office (CDQ),.

Chicago, Illinois
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Analvtical Laboratories

¢ Internal Audits - Laboratory QAQ, ETC, Edison, New Jersey

»  External Audits - U.S. EPA Region V CRL, Chicago, Illinois

Final Evidence File

«  Final Evidence File Audits - QAO, Warzyn, Chicago, Illinois
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: SECTION 3
QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

The overall QA objective is to develop and implement procedures for field sampling, chain-of-
custody, laboratory analysis, and reporting that will provide results which are legally defensible
in a court of law. Specific procedures for sambling, chain-of-custody, laboratory instruments
calibration, laboratory analysis, reporting of data, intgmal quality control, audits, preventive
maintehance of field equipme‘nt, and corrective action are described in other sections of this
QAPjP. The purpose of this section is to address the specific objectives for accuracy, precision,

completeness, representativeness, and comparability.

3.1 Level of Quality Control Effort

Field blank, trip blank, duplicate, and matrix spike samples will be analyzed to assess the quality
of the data resulting from the field sampling program. Field and trip blanks consisting of
deiqnized water, will be submitted to the analytical laboratories to provide the means to assess

the quality of the data resulting from the field sampling program. Field blank samples are

“analyzed to check for procedural contamination at the Site which may cause sample

contamination. Trip blanks are used to assess the potential for contamination of samples due to
contaminant migfation during sample shipment and storage. Duplicate samples are analyzed to
check for sampling and analytical reproducibility. Matrix spikes provide information about the
eftfect of the sample matrix on the digestion and measurement methodology. Matrix spikes are
performed in duplicate for organic analyses, and are hereinafter referred to as matrix spike/matrix
spike duplicate (MS/MSD) samples. MS/MSD samples are designated/collected for organic

analyses only.
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The general level of the QC effort will be one field duplicate and one field blank for every 10 or
fewer investigative samples. -One volatile organic analysis (VOA) trip blank consisting of

deionized, ultra pure water, will be included along with each shipment of aqueous VOA samples.

MS/MSD samples are not investigative samples; they are QC analyses performed on separate
aliquots of investigative samples. Soil MS/MSD samples require no extra volume for VOAs or
extractable organics. However, aqueous MS/MSD samples must be collected at triple the
volume for VOAs and double the volume for extractable organics. One MS/MSD sample will be
" collected/designated for every 20 or fewer investigative samples per sample matrix (i.e.,
groundwater, soil). The number of field duplicate and field blank samples to be collected for this

Site are listed in Table 1-1. Sampling procedures are specified in the SAP (refer to AAppendix A).

Soil/sediment, landfill gas, groundwater, surface water, leachate, municipal well, and private
well samples will be sent to ETC, CompuChem, Enseco - Air Toxics Laboratory, Warzyn, and
" Core for analysis. Parameter lists and required quantitation levels are summarized in Tables 3-1,
3-2,3-3,3-4, 3-5, and 3-6.

The level of laboratory QC effort for testing of TAL inorganics and TCL organics is specified in
the current CLP Statements of Work (SOWs): ILMO02.0 for inorganics (including low level
inorganics), OLMO1.8 for organics, and OLCO01.0 for low level organics. The levels of
laboratory QC eftort for indicator parameters, ficld measurements, phys"ical characteristics, and

landtill gas volatiles are specified in Table 3-7.

3.2 Accuracy, Precision and Sensitivity of Analyses ‘

The fundamental QA objective with respect to accuracy, precision, and sensitivity of laboratory

analytical data is to achieve the QC acceptance criteria of the analytical protocols.
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TCL Organics/TAL Inorganics

Laboratory analysis of TCL organics and TAL inorganics will follow the current CLP SOWs
(OLMO1.8 for organics, ILM02.0 for inorganics). The accuracy and precision, and sensitivity

requirements are summarized within the CLP SOWs.

Low Level TCL Organics/TAL Inorganics

The laboratory analysis of low level TCL organics for private and municipal well samples will
follow the current CLP SOW OLCO01.0. The accuracy and precision, and sensitivity
requirements for the low level TCL organics are summarized within the CLP SOW. The
laboratory analysis of low level TAL inorganics for private and municipal well samples will
follow the SOPs provided in Appendix B. The accuracy and precision requirements for the low
level TAL inorganics are the same as those in the CLP SOW ILMO02.0. The sensitivity

requirements for these analyses are summarized in Table 3-4.

Indicators

SOPs for the indicator parameters (alkalinity, chloride, hardness, sulfate, TOC, TDS, nitrate
nitrogen, nitrite nitrogen, and ammonia nitrogen) are provided in Appendix B. The accuracy and
precision requirements for these analyses are summarized in Table 3-7. The sensitivity

requirements for these analyses are summarized in Table 3-6.

Physical Characteristics

Physical characteristics of grain size, natural moisture content, atterberg limits, density, TOC.
and clay mineralogy will follow the methods provided in Appendix B. The accuracy, precision,

and sensitivity requirements for these analyses are summarized in Table 3-7.
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Landfill Gas Volatiles

The SOP for the analysis of landfill gas for volatiles is provided in Appendix B. The accuracy
and precision requirements are summarized in Table 3-7. The sensitivity requirements are

summarized in Table 3-5.

Field Measurements

SOPs for the field equipment to measure pH, conductivity, temperature, dissolved oxygen, redox
potential, methane, oxygen, carbon dioxide, Hnu screening of drill cuttings and are provided in
Appendix C. The accuracy and precision requirements of these analyses are summarized in

Table 3-7. The sensitivity requirements of these analyses are summarized in Table 3-6.

3.3 Completeness, Representativeness and Comparability

Completeness is a measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under normal conditions. It is
expected that the participating laboratories will provide data meeting QC acceptance criteria tor
95 percent or more for all samples tested using the SOWs and SOPs referenced in Section 3.2.
Following completion of the analytical testing, the percent completeness will be calculated by the

tollowing equation:

Completeness (%) = A/B x 100

where, A = number of valid data

B = number of samples collected for each parameter analyzed
Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population, parameter variations at a sampling point, a process condition, or an
environmental condition. Representativeness is a qualitative parameter which is dependent upon
the proper design of the sampling program and proper laboratory protocol. The sampling
network was designed to provide data representative of Site conditions. During development of

this network, consideration was given to past waste disposal practices, existing analytical data,
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physical setting and processes, and constraints inherent to the Superfund program. The rationale

of the sampling network is discussed in detail in the SAP. Representativeness will be satisfied

by insuring that the SAP is tfollowed, proper sampling technique are used, proper analytical
procedure are followed, and holding times of the samples are not exceeded in the laboratory.

Representativeness will be assessed by the analysis of field duplicate samples.

Comparability expresses the confidence with wﬁich one data set can be compared with another.
The extent to which existing and planned analytical data will be comparable, depends on the
similarity of sampling and analytical methods. The procedures used to obtain the planned
analytical data, as documented in the QAP;jP, are expected to provide comparable data. These
new analytical data, however, may not be directly comparable to existing data because of

differences in procedures and QA objectives.
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SECTION 4
SAMPLING PROCEDURES

4.1 Sampling Procedures

Sampling procedures are described in the SAP which is contained in Appendix A of this

document.

4.2 Bottle Requirements -

N\

The contaminant-free sample containers (bottles) used for analyzing TCL organics, TAL
inorganics, and indicator parameters for the H.O.D Landfill Site will be prepared according to

the procedures specified in U.S. EPA’s Specifications and Guidance for Obtaining Contaminant-

Free Sample Containers, April 1990. It will assure that the bottles used for the sampling activity

~ do not contain contaminants exceeding the level specified in the above-mentioned document.
‘Specifications for the bottles will be verified by checking the supplier’s certified statement and

' analytical results for each bottle lot, and will be documented on a continuing basis. This data

will be maintained in the project evidence file, and will be available, if requested, for EPA

review.

In addition, the data for field blanks and trip blanks will be monitored for contamination, and
corrective actions will be taken as soon as a problem is identified. This will be accomplished
either by discontinuing the use of a specific bottle lot, contacting the bottle supplier(s) for
retesting a representative bottle from a suspect lot, resampling the suspected samples, validating
the data taking into account that the contaminants could be introduced by the laboratory (i.e.,
common lab solvents, sample handling artifacts, etc.) or could be a bottle QC problem, so as to
make an educated determination of whether the bottles and hence the data are still usable, etc.,

whichever is appropriate.
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SECTION §
- SAMPLE CUSTODY AND DOCUMENTATION

It is U.S. EPA policy to tollow the U.S. EPA sample custody, or chain of custody protocols
described in "NEIC Policies and Procedur‘es“, EPA-330/9-78-DDI-R, Revised June 1985. This
custody is in three parts: sample collection, laboratory analysis, and final evidence files. Final
evidence files, including all originals of laboratory reports and purge files, are maintained under

document control in a secure area.
A sample or evidence file is under your custody if they:
*  Are in your possession
* Arein your view, after being in your possession
e Are in your possession and you place them in a secured location

* Areina designated secure area

5.1 Field Specific Custody Procedures

The sample packaging and shipment procedures summarized below will assure that the samplés
will arrive at the laboratory with the chain of custody intact. The protoéol for sample

designations are included in the SAP, Appendix A of this QAPjP.

5.1.1 Initiation of Chain of Custody Field Procedures

The field samplér is personally responsible for the care and custody of the samples until they are
transferred or properly dispatched to the laboratory. As few people as possible should handle the
samples. All bottles will be tagged with sample numbers and locations. Sample tags are to be

completed for each sample using waterproof ink unless prohibited by weather conditions. For
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example. a logbook notation would explain that a pencil was used to fill out the sample tag

because the ballpoint pen would not function in treezing weather.

The RPM will review all field activities to determine whether proper custody procedures were

followed during the field work and decide if additional samples are required.

5.1.2 Field Logbooks/Documentation

Field logbooks will provide the means of recording data collecting activities pertormed. As
such, entries will be described in as much detail as possible so that persons going to the site

could re-construct a particular situation without reliance on memory.

Field logbooks will be bound, field survey books or notebooks. Logbooks will be assigned to
field personnel, but will be stored in the document control center when not in use. Each logbook

will be identified by the project-specific document number.
The title page of each logbook will contain the following:

*  Person to whom the logbook is assigned
*  Logbook number

*  Project name

*  Project start date

e Project end date

Entries into the logbook will contain a variety of information. At the beginning of each entry,
the date, start time, weather, names of all sampling team members present, level of personal
protection being used, and the signature of the person making the entry will be entered. The
names of visitors to the site, ficld sampling or investigation team personnel, and the purpose of

their visit will also be recorded in the field logbook.
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Measurements made and samples collected will be recorded. All entries will be made in ink, and
no erasures will be rﬁade. If an incorrect entry is made, the information will be crossed out with
a single strike mark, initialed, and dated by the person making the crossout. Whenever a sample
is collected, or a measurement is made, a detailed description of the location of the station, which
includes compass and distance measurements, shall be recorded. The number of the photographs
taken of the station, if any, will also be noted. All equipment used to make measurements will be

identified, along with the date of calibration.

Samples will be collected following the sampling procedures documented in the SAP, Appendix
A of this QAPjP. The equipment used to collect samples will be noted, along with the time of
sampling, sample description, depth at which the sample was collected, volume and number of
containers. A sample identification number will be assigned prior to sample collection. Field
duplicate samples, which will receive an entirely separate sample identification number, will be

noted under sample description.

| 5.1.3 Transfer of Custody and Shipment Procedures

Samples are accompanied by a properly completed chain of custody form. The sample numbers
and locations will be listed on the chain of custody form. When transferring the possession of
samples, the individuals relinquishing and receiving will sign, date, and note the time on the
record. This record documents transter of custody of the samples from the sampler to another

)
person to a mobile laboratory, to the permanent laboratory, or to/from a secure storage area.

Samples will be properly packaged for shipment and dispatched to the appropriate laboratory for
analysis, with a separate signed custody record enclosed in each sample box or cooler. Shipping
containers will be locked and secured with strapping tape and custody seals for shipmeﬁt to the

laboratory. The preferred procedure includes the use of a custody seal attached to the front right
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and back left of the cooler. The custody seals are covered with clear plastic tape. The cooler is

strapped shut with strapping tape in at least two locations.

Whenever samples are split with another source or government agency, a separate sample
custody record is prepared for those samples, and marked to indicate with whom the samples are
being split with. The person relinquishing the samples to the facility or agency should request
the representatives signature acknowledging the sampleé receipt. If the representative is
unavailable or refuses, the person relinquishing the samples should note this in the "received by"

space of the custody form.

All shipments will be accompanied by the chain of custody record identifying the contents. The
original record will accompany the shipment, and the pink and yellow copies will be retained by

the sampler for returning to the sampling office.

" If the samples are sent by common carrier, a bill of lading should be used. Receipts of bills of
lading will be retained as part of the permanent documentation. If sent by mail, the package will
be registered with return receipt requested. Commercial carriers are not required to sign off on
the custody forms as long as the custody forms are sealed inside the sample cooler, and the
custody seals remain intact. The person shipping the samples should note the carrier name and

airbill number on the chain of custody record.

5.2 Laboratory Chain of Custody Procedures

Laboratory custody procedures for the sample receiving and log-in; sample storage; tracking
during sample preparation and analysis; and storage of data are described in the individual

laboratory custody SOPs provided in Appendix D.
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5.3 Final Evidence File Custody Procedure’

The final evidence file for the H.O.D. Landfill RI/FS will be located at and maintained by
Warzyn. The content of the evidence file will include all relevant records, reports,
correspondence, logs, field logbooks, laboratory sample preparation and analysis
logbooks/documentation, analytical data packages, pictures, subcontractor reports, chain of
custody records/forms, data review reports, etc. The evidence file will be under custody of the

file custodian in a locked, secured area.
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SECTION 6
CALIBRATION PROCEDURES AND FREQUENCY

.

This section describes procedures for maintaining the accuracy of all the instruments and
measuring equipment which are used for conducting field tests and laboratory analyses. These

instruments and equipment should be calibrated prior to each use or scheduled, periodic basis.

6.1 Field Instruments/Equipment

Instruments and equipment used to gather, generate, or measure environmental data will be
calibrated with sufficient frequency and in such a manner that accuracy and reproducibility of

results are consistent with the manutacturer’s specifications.

Equipment to be used during the field sampling will be examined to certity that it is in operating
condition. This includes checking the manufacturer’s operating manual and the instruction and
the instructions for each instrument to ensure that all maintenance requirements are being
observed. Field notes from previous sampling trips will be reviewed so that the notation on any
prior equipment problems are not overlooked, and all necessary repairs to equipment have been

carried out.

Field instruments will be calibrated daily. Calibration procedures tor field instruments are
governed by the specific field SOPs provided in Appendix C. Field measurements include pH,
conductivity, temperature, dissolved 0x>ygen, redox potential, methane, oxygen, carbon dioxide,

and Hnu screening of drill cuttings. '
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6.2 Laboratory Instruments

Procedures tor the calibration of laboratory instruments must be established and maintained to
ensure that equipment is functioning properly and that data collected are accurate and reliable.
Requirements include step-by-step calibration procedures, frequency of re-calibration, equipment
maintenance logs, instrument accuracy criteria, corrective action procedures and equipment
limitations (e.g., working ranges), and are described, in detail, in the SOPs provided in Appendix

B. and the SOWs for organics and inorganics.
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SECTION 7
ANALYTICAL PROCEDURES

Groundwater, private/municipal well, surface water, soil/sediment, landfill gas, and leachate

samples collected during field sampling activities for the H.O.D. Landfill Site RI will be

_ anglyzed by ETC, CompuChem, Enseco - Air Toxics Laboratory, Warzyn, and Core (see Table

1- 1). Refer to Table 7-1 for a summary of analytical method references used for analysis.

7.1 Field Screening Analytical Protocols

The procedures for the field measurement of pH, conductivity, temperature, dissolved oxygen.
redox potential, methane, oxygen and carbon dioxide are described in the SOPs provided in

Appendix C.

7.2 Laboratory Analysis

Samples (groundwater, surface water, soil/sediment, and leachate samples) tor CLP TCL
organics and CLP TAL inorganics will be analyzed by ETC according to the analytical
procedures set forth in the current CLP SOWs OLMO1.8 for organics analysis, and ILM02.0 for
inorganic analysis. Indicator parameters ahalyzed by Warzyn will follow the SOPs in Appendix
B.

Low level TCL organic analysis ot municipal/private wells by CompuChem will utilize the
current low level CLP SOW OLCO1.0. Low level TAL inorganic analysis for municipal/private

wells analyzed by Warzyn will follow the SOPs set forth in Appendix B.

Landfill gas samples for volatiles will be analyzed by Enseco - Air Toxics Laboratory according

to the SOP set forth in Appendix B.
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Analysis of soil/sediments for physical characteristics will be pertormed by Warzyn (TOC for
soil/sediment analyzed by ETC and clay mineralogy will be performed by Core Laboratories)

using the methods provided in Appendix B.
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SECTION 8
INTERNAL QUALITY CONTROL CHECK

8.1 Field Sample Collection

The assessment of field sampling precision and accuracy will be made through the collection of

field duplicates and field blanks in accordance with the procedures described in the SAP

(Appendix A of this QAPjP). Refer to Table 1-1 for a summary of sample numbers and required
field QC samples.

8.2 Field Measurements

QC procedures for field measurements of pH, conductivity, temperature, dissolved oxygen,
redox potential, methane, oxygen, and carbon dioxitde are limited to checking the reproducibility

of the measurements by obtaining multiple readings_ on a single sample or standard, and by

"calibrating the instruments. Refer to Table 3-7 for-a summary of QC requirements.

8.3 Laboratory Analysis

The laboratories used for the analysis of samples fof the H.O.D. Landfill Site (ETC,
CompuChem, Enseco - Air Toxics Laboratory, Warzyn and Core Laboratories) have written
QA/QC programs which provides rules and guidelines to ensure the reliability and validity of
work conducted at the laboratory. Compliance with the QA/QC program is coordinated and

monitored by the laboratory QAOs, which are independent of the operating departments.

- Laboratory procedures used are documented in writing and are provided or referenced in this

QAPjP. Internal quality control checks are an integral part of the analytiéal methods, and are
discussed in detail within the analytical procedures. The overall objectives of the internal quality
control checks are to verity the establisﬁed precision, accuracy and integrity of the mcthddology
and to support the technical validity of the data. Where appropriate, internal quality control

checks for analyses other than those following the CLP SOWs will include method blanks,
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preparation/reagent blanks, calibration check samples, laboratory duplicates, matrix spikes and

continuing calibration standards.

The required quality control frequency and performance criteria for TCL organics and TAL
inorganics are summarized in the current CLP SOWs OLMO1.8 and ILMO02.0), respectively. The
required QC frequency and performance criteria for low level organics are summarized in the

current CLP SOW OLCO01.0.

The required quality control frequency and performance criteria for the indicator parameters.
landfill gas volatiles, physical characteristics, and low level TAL inorganics are summarized in

Table 3-7.

The performing laboratories will document, in each data package provided, that both initial and
ongoing instrument and analytical QC functions have been met. Any samples analyzed in non-
conformance with the QC criteria set forth will be reanalyzed by the laboratory. It is expected

that sufficient sample volume will be collected for re-analyses.
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SECTION 9
DATA REDUCTION, VALIDATION AND REPORTING

9.1 Field Measurements and Sample Collection

Raw data from field measurements and sample collection activities will be appropriately
recorded in the field logbook. Data will be reviewed to ensure procedures were followed and QC
requirements were met, however, no formal data validation effort will be performed. If the data

are to be used in the project reports, they will be reduced onto data summary tables.

9.2 Laboratory Services
9.2.1 Data Reduction

Each laboratory is responsible for identification, quantification, data reporting, and data

deliverables for the analyses performed. Data reduction of TCL organic, low level TCL organic,

‘and landfill gas volatile data will follow-the requirements set forth in the CLP SOWs (OLMO1.8

and OLC01.0). Data reduction of TAL inorganic, low level TAL inorganic, and indicators data
will follow the requirements set forth in the CLP SOW ILMO02.0. Deliverables will include raw
data, summaries of calibration standards, duplicates, spikes, blanks, and performance evaluation

samples.

9.2.2 Data Validation

Organic data (including low level TCL organics and landfill gas volatiles) generated under a

DQO level of IV or V will be validated by Warzyn using Laboratory Data Validation Functional

Guidelines for Evaluating Organics Analyses, February 1988.

Inorganic data (including low level TAL inorganics) generated under a DQO level of IV will be

validated by Warzyn using Laboratory Data Validation Functional Guidelines for Evaluating

Inorganics Analyses, July 1988.
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Indicator data generated under a DQO level of V will be validated by Warzyn using the Data

Validation SOP provided in Appendix E.

Physical characteristic data (DQO level III) will be reviewed to ensure procedures were followed

and QC requirements were met, however, no formal data validation effort will be performed.

Refer to Table 1-2 for a summary of data generating activities, intended data uses, and associated
DQOs for the H.O.D. Landfill Site.

9.2.3 Data Reporting

Analytical data generated for the H.O.D. Landfill Site RI/FS will be computerized in a format
organized to facilitate data review and evaluation. The computerized data set will include the
data qualitiers provided by the performing laboratory in accordance with the CLP SOWs, as well
as qualifiers added by the data reviewer in accordance with the data validation procedures noted
in Section 9.2.2 of this QAPjP.

The laboratory-provided qualifiers will include such items as:

*  Non-detects
*  Concentration below required detection limit
»  Estimated concentration due to poor QC data

*  Concentration of chemical also found in the laboratory blank

3
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The data review qualifiers will indicate whether the data are:

e Usable as a quantitative concentration
¢ Usable with caution as an estimated concentration
¢ Unusable due to out-of-control QC results

A summary of the validated data will be incorporated into the RI report.
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SECTION 10
PERFORMANCE AND SYSTEM AUDITS

Performance and system audits of both field and laboratory activities will be conducted to verify
that sampling and analysis are performed in accordance with the procedures established in the
SAP and QAPjP. The audits of field and laboratory activities include two separate independent

parts: internal and external audits.

10.1 Field Audits

10.1.1 Internal Audits

Internal audits of field activities (sampling and measurements) will be conducted by the Warzyn
QAO and/or RI Leader. The purpose of the field audit will be to evaluate and document
adherence to procedures described in the QAPjP and SAP. The audit will include reyiew of field
activities, sample documentation, chain of custody forms. field logbooks, and éampling and
decontamination activities. Follow-up audits will be conducted to correct deficiencies, and to

verify that QA procedures are maintained throughout the investigation.

10.1.2 External Audits
External audits conducted will be the respénsibility of the U.S. EPA CRL and/or CDO.

10.2 Laboratory Audits

10.2.1 Internal Audits

The purpose of the internal laboratory audit is to evaluate and document adherence to analytical
procedures described in this QAPjP. Internal audits of the participating laboratories are the
responsibility of the individual laboratory QAO. System audits will include examination of
laboratory documentation on sample receiving, sample log-in, sample storage, chain of custody

procedure, sample preparation and analysis, instrument operating records, etc., and will be
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performed annually. Performance audits consisting of blind QC samples prepared and submitted
to the laboratory for analysis, will be performed quarterly. Results of these blind QC samples

will be reviewed by the laboratory QAO.

10.2.2 External Audits

The US EPA CRL will audit performing laboratories and provide recommendations for

approval of the laboratory for the requested analyses to the U.S. EPA RPM. The audit may
consist of a review of analytical and chain of custody procedures, evaluation of performance

samples, and may also include an on-site audit of each participating laboratory.
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SECTION 11
PREVENTATIVE MAINTENANCE

11.1 Field Instruments/Equipment

Field equipment used for this project include: thermometers, pH meter, conductivity meter.
dissolved oxygen meter, redox meter, gas-tech meter, and sampling and filtering equipment.
Specific preventative maintenance procedures to be followed for field equipment are those
recommended by the manutacturer.

Field instruments will be checked and calibrated before they are transported to the field. These
instruments will be checked and calibrated daily before use. Calibration checks will be

performed as noted in Table 3-7 and will be recorded in the tield logbook.
Critical spare parts such as electrodes, batteries, and pH probes will be kept on-site to minimize
instrument down time. Backup instruments and equipment will be available within on-day

shipment to avoid delays in the field schedule.

11.2 Laboratory Instruments

Preventative maintenance procedures for laboratory instrumentation and equipment tor TCL
organics (including low level TCL organics and landfill gas volatiles) are referenced in the
current CLP SOWs OLMO1.8 and OLCO1.0. Preventative maintenance procedures tor
laboratory instrumentation and equipment tor TAL inorganics (including low level TAL

inorganics) are referenced in the current CLP SOW ILMO02.0).

Preventative maintenance of laboratory instruments associated with the indicator parameters will
be as directed with manutacturer’s specifications, instrument operating procedures, and
analytical methods. Maintenance is carried out on a regular, scheduled basis, and is documented
in the instrument service logbook for each instrument. Emergency repair or scheduled
manufacturer’s maintenance is provided by an on-site technician or maintenance contract with

the factory representatives.
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SECTION 12
SPECIFIC ROUTINE PROCEDURES USED TO ASSESS
DATA PRECISION, ACCURACY, AND COMPLETENESS

12.1 Field Measurements

Field data will be assessed by the Site QAQO. The Site QAO will review the field results for
compliance with the established QC criteria that are specified in the QAPjP and SAP. Accurécy
of field measurements will be assessed using daily instrument calibration, calibration check, and
blank data. Precision will be assessed on the basis of reproducibility by taking multiple readings

of a single sample. Data completeness will be calculated as follows:

Completeness = Valid Data Obtained x 100
Total Data Planned

12.2 Laboratory Data

12.2.1 Precision

Precision of laboratory analysis will be assessed by comparing the analytical results between
MS/MSD for organic analysis, and laboratory duplicate analyses for inorganic and indicator
analysis. The relative percent difference (RPD) will be calculated tor each pair ot duplicate

analysis results as tollows:

RPD = IS-DI x 100
(S+ D)2

where, = tirst sample value (original or MS value)
D= Second sample value (duplicate or MSD value)
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12.2.2 Accuracy

Accuracy of laboratory results will be assessed based on the established QC criteria that are
described in Section 3 of this QAPjP, using the analytical results of method blanks. matrix spike

samples, and field blanks. The percent recovery (%R) will be calculated as follows:

%R = A-B x 100
C
where, A = The analyte concentration determined experimentally from the spiked
sample;
B = The background level determined by a separate analysis of the unspiked
sample; and ’
C= The amount of the spike added.

12.2.3 Completeness

The data completeness of laboratory analysis results will be assessed for compliance with the
amount of data required for decision making. Completeness is calculated by the following

" formula:

Completeness = Valid Data Obtained x 100
Total Data Planned

12.2.4 Sensitivity

The achievement of method detection limits depend on instrument sensitivity and matrix effects.
It is important to monitor the instrument sensitivity to ensure the data quality through constant
instrument pertormance. The instrument sensitivity will be monitored through the analysis of

method blanks, calibration check samples, and laboratory control samples.
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'SECTION 13
CORRECTIVE ACTION

Corrective actions may be required for two classes of problems: analytical and equipment
problems, and noncompliance problems. Analytical and equipment problems may occur during

sampling and sample handling, sample preparation, laboratory instrumental analysis, and data

review.

For noncompliance problems, a formal corrective action program will be determined and
implemented at the time the problem is identified. The person who identifies the problem is
responsible for notifying the RPM. If the problem is analytical in nature, information on these
problems will be promptly communicated to the U.S. EPA QAS. Implementation of corrective

action will be confirmed in writing through the same channels.

Any nonconformance with the established quality control procedures in the QAPjP or SAP will
be identified and corrected in accordance with the QAPjP. The U.S. EPA RPM, or his/her

designee will issue a nonconformance report for each nonconformance condition.

Corrective actions will be implemented and documented in the field record book. No staff
member will initiate corrective action without prior communication of findings through the

proper channels. It corrective actions are insufficient, work may be stopped by stop-work order
by the RPM.

13.1 Sample Collection/Field Measurements

Technical statf and project personnel will be responsible for reporting all suspected technical or
QA nonconformances or suspected deficiencies of any activity or issued document by reporting

the situation to the Warzyn RI Leader, or his/her designee. This manager will be responsible for
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assessing the suspected problems in consultation with the Warzyn Project Manager on making a
decision based on the potential for the situation to impact the quality of the data. If it is
determined that the situation warrants a reportable nonconformance requiring corrective action,

then a nonconformance report will be initiated by the manager.

The manager will be responsible for ensuring that corrective action for nonconformances are

initiated by:

«  Evaluating all reported nonconformances

e Controlling additional work on nonconforming items

*  Determining disposition or action to be taken

*  Maintaining a log of nonconformances

*  Reviewing nonconformance reports and corrective actions taken

*  Ensuring noncontormance reports are included in the final site documentation in the
project files

It appropriate. the Warzyn Project Manager will ensure that no additional work that is dependent

on the nonconforming activity is performed until the corrective actions are completed.
Corrective action for field measurements may include:
*  Repeat the measurement to check the error

*  Check for all proper adjustments tor ambient conditions such as temperature
*  Check the batienies
*  Re-calibration

. Check the calibration

*  Replace the instrument or measurement devices
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»  Stop work (if necessary)

The Warzyn RI Leader, or his/her designee, is responsible for all site activities. In this role, the
Warzyn RI Leader, at times is required to adjust the site programs to accommodate the site-
specific needs. When it becomes necessary to modify a program, the Warzyn RI Leader notifies
the Warzyn Project Manager of the anticipated change and implements the necessary changes
after obtaining the approval of the Project Manager. The change in the program will be

documented and signed by the appropriate personnel.

The Warzyn RI Leader for the H.O.D. Landfill Site is responsible for the controlling, tracking.
and implementation of the identified changes. Reports on all changes will be distributed to all
affected parties, including the U.S. EPA RPM. the Warzyn Project Manager, and the WMII

Project Manager.

13.2 Laboratory Analysis

Corrective actions are required whenever an out-of-control event or potential out-of-control event
is noted. The investigative action taken is dependent on the analysis and the event. Laboratory

personnel are alerted that corrective actions may be necessary if:

QC data are outside the warning or acceptable windows for precision and accuracy
*  Blanks contain target analytes above acceptable levels

*  Undesirable trends are detected in spike recoveries or RPD between duplicates

*  There are unusual changes in detection limits

» Deficiencies are detected by the QA Department during internal or external audits . or
from the results of performance evaluation samples

* Inquiries concerning data quality are received
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Corrective action procedures are otten handled at the bench level, by the analyst who reviews the
sample preparation procedure for possible errors and checks the instrument calibration. spike and
calibration mixes, instrument sensitivity, etc. If the problem persists, or cannot be identified, the
matter is referred to the laboratory supervisor, manager, or QAO for further investigation. Once

resolved, full documentation of the corrective action procedure is filed with the QA Department.
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SECTION 14 |
QUALITY ASSURANCE REPORTS TO MANAGEMENT

Reports will be submitted to the U.S. EPA and Illinois Environmental Protection Agency (IEPA)
as described in Section 4.4.7, "Task 7: Reports” of the Work Plan. Reports will consist of

monthly progress reports, technical memoranda, and the dratt RI report.
Monthly progress reports submitted to the U.S. EPA and IEPA will include:

* A summary of the validated sampling and testing results

* A description of activities completed during the past month, as well as actions which
are scheduled for the next month

¢ A summary of target and actual completion dates tor each activity
*  Changes in key personnel

*  Problems encountered and how they were resolved

*  Anticipated problems and recommended solutions

The results of specific RI activities such as the Risk Assessment, and Site Characterization will
be submitted to the U.S. EPA and IEPA in the form of Draft Technical Memoranda. Technical

Memoranda will include the following:

*  Physical and Source Characterization Results
¢ Contaminant and Migration Pathways Characterization Results

. Baseline Risk Assessment
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A dratt RI Report summarizing the RI activities will be submitted to the U.S. EPA. The report
will characterize the Site and summarize the data collected and conclusions. The RI report will
not be considered final until Site characterization activities are complete for the supporting

remedial alternatives screening activities and a letter of approval is issued by the U.S. EPA RPM.
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Sample'
Matrix

PHYSICAL INVESTIGATION

Soil borings

Laby

Warzyn Soils

SOURCE CIHTARACTERIZATION

Soils (clay cap)

Sediments/Surface Soils

Leachate

Landfill Gas

Landfitl Soil Borings

Warzyn Soils

Core

ETC
ETC
ETC
Warzyn Soils

ETC
ETC
Warzyn Anayl

Enseco - Air
Toxics

Warzyn Soils

DEFINE NATURE AND EXTENT OF CONTAMINATION

Groundwater - Upper
and Lower Aquifers

Municipal/Private Wells

Surface Water

ETC
ETC
Warzyn Anayl

CompuCliem
Warzyn Analy

SN

No. of Field
Samples Duplicates
16 2
10 1
10 1
S 1
S 1
5 1
] 1
S 1
5 1
5 1
5 1
10 I
16 2
16 2
16 2
8 I
3 i
3 1
3 I

-

Table 1-1
Sample Type and Estimated Sample Numbers
H.0.D. Landfill RI/FS

Field Total No.
Blanks MS/MSD* Samples
- . 18
- - I
- 11
- 1 6

- 6
- - 6

- 6
I ] 7
i - 7
1 7
1 - 7
- - 1!
2 2 20
2 20
2 - 20
I t 10
i - 10
1 1 5
1 5

Test*¢?
Parameters

Grain Size

Grain Size, Auerberg
Limits, Natural
Moisture Content,
and Density

Clay Mineralogy

TCL Organics

TAL Inorganics

TOC

Grain Size, Natural
Moisture Content, and
Atterberg Limits

TCL Organics
TAL Inorganics
Indicators

VOCs

Grain Size

TCI. Organics
TAL Inorganics
Indicators

LL TCL Organics
I.LL TAL Inorganics

TCL Organics
TAL Inorganics

Page | of 2

Field
Parameters

pll, Conductivity,
Temperature, Redox,
and Dissolved Oxygen

Methane, Oxygen, and
Carbon Dioxide

pll, Conductivity,
Temperature, Redox,
and Dissolved Oxygen

pH, Conductivity,
Temperature

pll, Conductivity,
Temperature, Redox,
and Dissolved Oxygen



Table 1-1
(continued)

Notes:

1. Samples will be considered low concentration, and will be packaged and shipped accordingly.

2. ETC Warzyn Soils Laboratory Core Laboratories Warzyn Analytical CompuChem Laboratories  Enseco - Air Toxics Laboratory
284 Raritan Center Pkway 505 Science Drive, Suite C 1875 Monetary Lane One Science Coun 3808 Chapel Hill 9537 Telstar Avenue
Edison, NJ 08818 University Research Park Carrollton, TX 75006 Madison, W1 53711 Nelson Highway Suite 118

Madison, WI 53711 Research Triangle 151 Monte, CA 91731
Park, NC 27709

3. Arip blank for VOC analysis wifl he included with cach cooler shipped for aqueous (leachate, groundwater, surface water, municipal well, and private well) samples. Trip blanks are not included
in the total number of samples. One trip blank (pre-cleaned SUMMA passivated canister) is required for the sampling of landfill gas vents for volatiles.

4. EXTRA VOLUME REQUIREMENT: Extra volume is required for the MS/MSI) quality control requirement (triple volume for VOCs, double volume for SVOCs and Pest/PCBs) for aqueous
samples. MS/MSDs are required for soil samples, however do not require that additional volume be collected in the field. Inorganics and general water quality indicator parameters require
duplicate and spike analyses, however, do not require additional samiple volume to meet the specified QC. MS/MSD samiples are not included in the total number of samples.

5. Refer to Tables 3-1 and 3-2 for the TCI. organic and TAL inorganic parameter lists and required detection limits. Indicator parameters consist of chloride, sulfate, alkalinity, hardness, nitrate-N,
nitrite-N, ammonia-N, TOC, and TDS. See Table 3-S5 landfill gas VOC list and detection limits and Table 3-6 for indicator, field measurement, and physical characteristic lists and associated
detection limits.

6.  Groundwater samples for metals analysis will be field filiered through a 0.45 micron filter within {5 minutes of sample collection, and prior to the addition of preservatives.

7. LL = Low level detection limits are required. Refer 1o Tables 3-3 and 3-4 for the low level TCL organic and TAL inorganic parameter lists and required detection limits. Municipal/Private Wells
will be sampled by the Lake County Health Department.
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Analysis

Low Concentration (Organics)
Groundwater, Surface Water, and

Municipal/Private Wells
TCL Semi-volatiles

TCL Pesticides/PCBs

TCL Volatiles

Leachate
TCL Semi-volatiles

TCL Pesticides/PCBs

TCL Volatiles

Boules and Jars

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Three 40-mL volatile

organic analysis

(VOA) vials (Four for
municipal/private well

samples).

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Three 40-mL VOA vials

Preservation

Iced to 4°C.

Iced to 4°C.

1:1 HCL (2 drops/
vial), iced to
4C.

Iced to 4°C.

Iced to 4°C.

Iced to 4°C.

“Table 1.2

H.O.D. Landflll RUFS

Holding Time'

7 days to
extraction,
analysis within
40 days after
extraction.

7 days to
extraction,
analysis within
40 days after
extraction.

14 days

7 days to
extraction,
analysis within
40 days after
extraction.

7 days to
extraction,
analysis within
40 days after
extraction.

7 days

Sample Quantities, Containers, Preservatives and Packaging Requirements

Volume of Samples

Fill bottle to
neck

Fill bottle to
neck

Fill completely
no headspace

Fill bottle to
neck

Fill bottle to
neck

Fill completely
no headspace

Shipping

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier
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Normal Packaging’

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculite




Analysis

Soil and Sediment
TCL Semivolatiles

TCL Pesticides/PCBs

TCL Volatiles

Landfill Gas
Volatiles

Low Concentration (Inorganics)
Groundwater
Metals

Cyanide

Private/Municipal Wells
Metals

Cyanide

Bottles and Jars

One 8-oz wide mouth
glass jar

One 8-0z wide mouth
glass jar

Two 4-0z wide mouth
glass jars

One 6-liter SUMMA
passivated canister

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

Preservation

[ced to 4°C.

Iced to 4°C.

Iced to 4°C.

Maintain
Q5°C

Field filter
through 0.45 um
filter. HNO, to
pH<2. Iced to 4°C.

Add NaOH to pH>12.
[ced to 4°C.

HINO, 1o pH<2. Iced
to 4°C.

Add NaOH to pH>12.
lced to 4°C.

‘Table 1-2
(continued)

Holding Time'

14 days to
extraction,
analysis within
40 days after
extraction.

14 days to
extraction,
analysis within
40 days after
extraction.

14 days

14 days

180 days
(28 days for
mercury)

14 days

180 days
(28 days
for mercury)

14 days

Volume of Samples

Fill 3/4 full

Fill 3/4 full

Fill completely
no headspace

Fill as described
in procedure

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of botle

Shippin

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier
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Normal Packaging’

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculite



Analysis

Surface Water and Leachate
Metals

Cyanide

Soil and Sediment
Metals and Cyanide

Water Quality Indicator Parameters
Groundwater and Leachate
Nitrate-N, Ammonia, and TOC

Hardness

Alkalinity, Chloride, Sulfate,
and Nitrite-N

TDS

Boules and Jars

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

One 8-o0z wide mouth
glass jar

One 1-liter high
density polyethylene
bottle

One 500-ml high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

One 500-mL
polyethylene bottle

Table 1-2
(continued)

Preservation

HNO, to pH<2.
Iced to 4°C.

Add NaOH to pH>12.

Iced to 4°C.

[ced 10 4°C.

H,SO, to pH<2.
Iced to 4°C.

HNO, 1o pli<2.
Iced to 4°C.

Iced to 4°C.

Field filter
through 0.45 um
filter. Iced to
C

Holding Time'

180 days
(28 days
for mercury)

14 days

180 days

(28 days for
mercury, 14 days
for cyanide)

28 days

180 days

28 days (14 days
alkalinity, 48
hours nitrite)

7 days

Volume of Samples

Fill to shoulder
of bottle

Fill to shoulder

of bottle

Fill 3/4 full

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shippin,

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier
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Normal Packaging’

Vermiculite

Vermiculite

Vermiculite
(Med in cans/
vermiculite)

Vermiculite

Vermiculite

Vermiculite

Vermiculite



Analysis

Physical Characteristics
Soil

Grain size, moisture content,
density, and atterberg limits

Clay Mineralogy

TOC

Notes:

Bottles and Jars

Four 8-0z wide mouth
glass jars

Two 8-0z wide mouth
glass jars

One 4-0z wide mouth
glass jar

Preservation

NONE

NONE

Iced to 4°C.

1. These are technical holding times, which are started from the day of sample collection.

2. The packing material should completely cushion the sample bottles - botttom, sides and top.

CAWNI/JAH
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“Table 1-2
(continued)

Holding Time'

Not established

Not established

28 days

Volume of Samples

Fill 3/4 full

Fill 3/4 full

Fill 3/4 full

Shippin

Ship by carrier

Ship by carrier

Ship by carrier
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Normal Packaging

Vermiculite

Vermiculite

Vermiculite



Activity

PHYSICAL INVESTIGATION
Hydrogeologic Evaluation

SOURCE CHARACTERIZATION

Landfill Cap Evaluation

On-site Surface Soil and
Sediment Sampling

Leachate Sampling

Landfill Gas Probe Installation

Landfill Gas Sampling

Table 1-3°

Summary of Data Generating Actlvities and Associated Quality Objectives

Description

Eight borings taken in
areas specified in the
Work Plan.

Collect samples of the
clay cap.

Collection of on-site
surface soil/sediments in
likely soil/sediment
deposition areas.

Collection of leachate
samples.

Installation of multi-
stage landfill gas probes
in the same borehole as
each new leachate
piezometer.

Collection of landfill
gas from leachate
piezometers and/or gas
well flares.

H.0.D. Landfill RIFS

Intended Data Usages

Confirm glacial stratigraphy.

Evaluate the effectiveness
of the existing cap.

Landfill cap evaluation will
provide data used to perform
percolation analysis.

Contaminant characterization.

Chemically characterize the
leachate composition.

Assess methane gas production.

Chemically characterize
landfill gas, and assess the
potential for contamination of
air.

Parameters

Grain Size

Grain Size, Atterberg
Limits, Natural Moisture
Content, Density, and
Clay Mineralogy

TCL, TAL

Grain Size, Atterberg
Limits, TOC, and Natural
Moisture Content

TCL, TAL

Indicators'

pH, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Methane, Oxygen, and
Carbon Dioxide (field)

VOCs
Methane, Oxygen, and
Carbon Dioxide (field)

Data Quality
Objective

Level I data

Level lII data

Level IV data
Level II] data

Level IV data
Level V data
Level I data

I.evel Il data

Level V data
Level Il data

Page 1 of 2

Anticipated No. of
[nvestigative

Samples

16

n

up to 39
measurements
per round



Activity
Landfill Borings

—-

Description

Drill approximately five
landfill borings along

the southern perimeter of
the "old" landfill.

DEFINE NATURE AND EXTENT OF CONTAMINATION

Monitoring Well Installation

Groundwater Monitoring

Municipal/Private Well Monitoring

Hydrologic Evaluation/Surface
Water Sampling

Notes:

1. Indicator parameters consist of: chloride, sulfate, alkalinity, hardness, nitrate-N, nitrite-N, ammonia, TOC, and TDS.

Hnu screening of drill
cuttings

Obtain water level
measurements. Conduct
in-situ hydraulic con-
ductivity tests. Install
new wells, and sample and
analyze the existing and
new monitoring wells.

Sampling private and
municipal wells in the
vicinity of the Site.
Sampling to be performed
by Lake County Health
Pepartment.

Measure the surface water
levels, flow, and inspect
the Sequoit Creek banks.

2. Grain Size = Sieve plus Hydrometer Analyses

CAWNI/IAH
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Table 1-3 *
(continued)

Intended Data Usages

Determine the subsurface
conditions and evaluate the
feasibility of constructing

a barrier along the perimeter
of the landfill to contain
leachate.

Determine cuttings to be
drummed

Evaluate potential groundwater
flow paths, confirm hydraulic
conductivity results with
previous data, assess ground-
water contamination migration
pathway, and characterize
groundwater quality.

Characterize the water quality.

Evaluate the potential for
surface water contamination and
characterize the surface water
quality.

Parameters

Grain Size

Total VOCs >10 ppm

TCL, TAL

Indicators’

pH, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Low level TCL and TAL
pH, Conductivity, and
Temperature

TCL, TAL

pH, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Data Quality
Objective

Level Il data

Level I data

Level IV data
Level V data
Level Il data

Level IV data
Level Il data

Level IV data
Level Il data
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Anticipated No. of
Investigative

Samples
10

16
16
16




Compound

Volatiles
Chloromethane
Bromomethane
Vinyl chloride
Chloroethane
Methylene chloride

Acetone

Carbon disulfide
1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene (total)

Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon tetrachloride

Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane

1,1,2-Trichloroethane
Benzene
trans-1,3-Dichloropropene
Bromoform
4-Methyl-2-pentanone

2-Hexanone
Tetrachloroethene
Toluene
1,1,2,2-Tetrachloroethane
Chlorobenzene

Ethylbenzene
Styrene
Xylenes (total)

Table 3-1

Target Compound List
and Contract Required Quantitation Limits - Organics

Water

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10

Quantitation Limits'

Low Soil
(ug/kg)

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
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Medium Soil
(ughkg)

1200
1200
1200
1200
1200

1200
1200
1200
1200
1200

1200
1200
1200
1200
1200

1200
1200
1200
1200
1200

1200
1200
1200
1200
1200

1200
1200
1200
1200
1200

1200
1200
1200



34.
3s.
36.
37.
38.

39.
40.
41.
42.
43,

45.
46.
47.
48.

49,
50.
5L
52.
53.

54.
55.
56.
57.
58.

59.
61.
62.
63.
65.

67.
68.

Compound

Semi-volatiles

Phenol
bis(2-Chloroethyl) ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene

1.2-Dichlorobeznene
2-Methylphenol
2,2’-oxybis-(1-Chloropropane)
4-Methylphenol
n-Nitroso-di-n-dipropylamine

Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2.4-Dimethylphenol

bis(2-Chloroethoxy) methane
2.4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene

4-Chloroaniline

Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methyinaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol

2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylene

2,6-Dinitrotoluene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol

Table 3-1
(continued)

Water

(ugh)

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

25
10
25
10
10

10
25
10
25
25

Quantitation Limits'

Low Soil
(ug/kg)

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

800
330
800
330
330

330
800
330
800
800

Page 2 of 4

Medium Soil
(ug/kg)

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

25000
10000
25000
10000
10000

10000
25000
10000
25000
25000



69.
70.
71.
72.
73.

74.
75.
76.
71.
78.

79.
80.
81.
82.
83.

85.
86.
87.

89.

91.
92.
93.

94,
95.
96.
97.

Compound

Dibenzofuran

2 4-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl-phenyl ether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-methylphenol
n-Nitrosodiphenylamine
4-Bromophenyl-phenyl ether
Hexachlorobenzene

Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di-n-butylphthalate

Fluoranthene

Pyrene
Butylbenzylphthalate
3,3’-Dichlorobenzidine
Benzo(a)anthracene

Chrysene
bis(2-Ethylhexyl)phthalate
Di-n-ocylphthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene

Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

Table 3-1
(continued)

Water
(ug/h)

10
10
10
10
10

25
25
10
10
10

25
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10

Quantitation Limits’

Low Soil
(ug/kg)

330
330
330
330
330

800
800
330
330
330

800
330
330
330
330

330
330
330
330
330

330
330
330
330
330

330
330
330
330

Page 3 of 4

Medium Soil
(ug/ksg)

10000
10000
10000
10000
10000

25000
25000
10000
10000
10000

25000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000
10000
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Table 3-1
(continued)
Quantitation Limits'
Water Low Soil Medium Soil
Compound (ugh) (ug/kg) (ug/ksg)
Pesticides/PCBs
98. alpha-BHC 0.05 1.7 1.7
99.  beta-BHC 0.05 1.7 1.7
100. delta-BHC 0.05 1.7 17
101. gamma-BHC (Lindane) 0.05 1.7 1.7
102. Heptachlor 0.05 1.7 1.7
103. Aldrn 0.05 1.7 1.7
104. Heptachlor epoxide 0.05 1.7 1.7
105. Endosulfan I 0.05 1.7 1.7
106. Dieldrin 0.10 33 33
107. 44’-DDE 0.10 33 33
108. Endrin 0.10 33 33
109. Endosulfan II 0.10 33 33
110. 44’-DDD 0.10 33 33
111. Endosulfan sulfate 0.10 33 33
112. 44°-DDT 0.10 33 33
113. Methoxychlor 0.50 17 17
114. Endrin ketone 0.10 33 33
115. Endrin aldehyde 0.10 33 33
116. alpha-Chlordane 0.05 1.7 17
117. gamma-Chlordane 0.05 1.7 1.7
118. Toxaphene 5.0 170 170
119.  Aroclor-1016 1.0 33 33
120. Aroclor-1221 2.0 67 67
121.  Aroclor-1232 1.0 33 33
122, Aroclor-1242 1.0 33 33
123. Aroclor-1248 1.0 33 33
124. Aroclor-1254 1.0 33 33
125. Aroclor-1260 1.0 33 33
Notes:
1. Quantitation limits listed for soil/sediment are based on wet weight. The quantitation limits calculated by the

Iaboratory for soil/sediment, calculated on a dry weight basis as required by the method, will be higher.

CAWNIY/
[mad-406-77c]
6095300/154



Table 3-2
Target Analyte List and
Contract Required Detection Limits - Inorgartics

Contract Required '+

Page 1 of 2

Detection Limit

Analyte (ug/L)
1. Aluminum 200
2. Antimony 60
3. Arsenic 10
4, Barium 200
5. Beryllium 5
6. Cadmium 5
7. Calcium 5000
8. Chromium 10
9. Cobalt 50
10.  Copper 25
11. Iron 100
12. Lead 3
13. Magnesium 5000 .
14. Manganese 15
15. Mercury 0.2
16.  Nickel 40
17.  Potassium 5000
18.  Selenium 5
19.  Silver 10
20.  Sodium 5000
21.  Thallium 10
22.  Vanadium 50
23. Zinc 20
24. Cyanide 10
Notes:

1.

Subject to the restrictions specified in the first page of Part G, Section IV of Exhibit D (Alternate Methods -
Catastrophic Failure) any analytical method specified in SOW ILM02.0, Exhibit D, may be utilized as long as
the documented instrument or method detection limits meet the Contract Required Detection Limit (CRDL)
requirements. Higher detection limits may only be used in the following circumstance:

If the sample concentration exceeds five times the detection limit of the instrument or method in use, the values
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Table 3-2
{continued)

may be reported even though the instrument or method detection limit may not equal the CRDL. This is
illustrated in the example below:

For lead:

Method in use = ICP

Instrument Detection Limit (IDL) = 40
Sample concentration = 200
CRDL=3

The value of 200 may be reported even though the instrument detection limit is greater than the CRDL. The
instrument or method detection limit must be documented as described in SOW ILM02.0, Exhibit E.

2. The CRDL are the instrument detection limits obtained in pure water that must be met using the procedure in
Exhibit E. The detection limits for samples may be considerably higher depending on the sample matrix.
Soil/sediment detection limits are approximately 200 times the CRDLs noted for water, and may vary as the
soil/sediment results are reported on a dry weight basis. Soil/sediment results are reported in mg/kg.

3. This table is extracted from the Inorganic SOW ILMO02.0 (Exhibit C).
CAWNI/IAH

{mad-406-77d]
60953007154



and Contract Required Quantitation Limits

Compound

Volatiles
Chloromethane
Bromomethane
Vinyl chloride
Chloroethane
Methylene chloride

Acetone

Carbon disulfide
1,1-Dichloroethene
1,1-Dichloroethane
cis-1,2-Dichloroethene

trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
Bromochloromethane

1,1,1-Trichloroethane
Carbon tetrachloride
Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene

Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
trans-1,3-Dichloropropene

Bromoform
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethene
1,1,2,2-Tetrachloroethane

1,2-Dibromomethane
Toluene
Chlorobenzene
Ethylbenzene
Styrene

Table 3-3
Target Compound List

Low Concentration Water Organics

Quantitation Limits'
Water

(ug/L)

Y. Y bt Pk ek etk pod et (Y bt ek et e Y ] DD et bt et

P
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N

36.
37.
38.
39.

41.
42.
43,

45.

47.
48.
49.
50.

51.
52.
53.
54.
55.

56.
57.
58.
59.

6l.
62.
63.

65.

67.
68.
69.
70.

Compound

Xylenes (total)
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,2-Dibromo-3-chloropropane

Semi-volatiles

Phenol

bis(2-Chloroethyl) ether
2-Chlorophenol
2-Methylphenol
2,2’-oxybis-(1-Chloropropane)

4-Methylphenol
n-Nitroso-di-n-dipropylamine
Hexachloroethane
Nitrobenzene

Isophorone

2-Nitrophenol
2,4-Dimethylphenol
bis(2-Chloroethoxy) methane
2,4-Dichloropbenol
1,2,4-Trichlorobenzene

Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene

Hexachlorocyclopentadiene
2.4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline

Dimethylphthalate
Acenaphthylene
2,6-Dinitrotoluene
3-Nitroaniline
Acenaphthene

Table 3-3
{continued)

Quantitation Limits'
Water

(ug/L)
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71.
72.
73.
74.
75.

76.
71.
78.
79.
80.

81.
82.
83.
84.
8s.

86.
87.
88.
89.
90.
91.

92.
93.
94,
95.
96.

97.
98.
99.

100.

101.
102.
103.
104.
105.

Compound

2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate

4-Chlorophenyl-phenyl ether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-methylphenol
n-Nitrosodiphenylamine

4-Bromophenyl-phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene

Di-n-butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
3,3’-Dichlorobenzidine
Benzo(a)anthracene

Chrysene
bis(2-Ethylhexyl)phthalate
Di-n-ocylphthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene

Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

Pesticides/PCBs
alpba-BHC

beta-BHC

delta-BHC
gamma-BHC (Lindane)
Heptachlor

Table 3-3
(continued)

Quantitation Limits'
Water

(ug/L)

[N IS
hnn S S

W
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0.01
0.01
0.01
0.01
0.01
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Table 3-3
(continued)
Quantitation Limits'
Water
Compound (ug/L)

106. Aldrin 0.01
107. Heptachlor epoxide 0.01
108. Endosulfan I 0.01
109. Dieldrin 0.02
110. 4,4’-DDE 0.02
111. Endrin 0.02
112. Endosulfan II 0.02
113. 4,4-DDD 0.02
114, Endosulfan sulfate 0.02
115. 44-DDT 0.02
116. Methoxychlor 0.10
117. Endrin ketone 0.02
118. Endrin aldehyde 0.02
119. alpha-Chlordane 0.01
120. gamma-Chlordane 0.01
121. Toxapbene 1.0

122, Aroclor-1016 0.20
123. Aroclor-1221 0.20
124. Aroclor-1232 0.40
125. Aroclor-1242 0.20
126. Aroclor-1248 0.20
127. Aroclor-1254 0.20
128. Aroclor-1260 0.20

Notes:
1. This table was extracted from the low level detection SOW OLCO01.0.

CAWNI/IAH
[mad-406-77¢)
6095300/154



NOTES: Refer to Appendix B-9 for method reterences.

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium

Cadmium
Calcium
Chromium
Cobalt
Copper

Iron

Lead
Magnesium
Manganese
Mercury

Nickel
Potassium
Selenium
Silver
Sodium

Thallium
Vanadium
Zinc
Cyanide

CAW/cck/JAH
[CHI-402-77f)
60953007154

TABLE 3-4

Target Analyte List and
Required Detection Limits
Low Concentration Water Inorganics

Required

Page 1 of |

Detection Limit

(ug/L)

50
5
2
10
5

0.2
1000
0.2
10
10

20
3
1000
10
0.2

20
100
2
0.5
1000

3
2
10
10



Landfill Gas Volatile Organic List and
Required Detection Limits

Volatile Compound

Dichlorodifluoromethane

Chloromethane

TABLE 3-5

1,2-Dichloro-1,1,2,2-Tetrafluoroethane

Vinyl Chloride
Bromomethane
Chloroethane
Trichlorofluoromethane
cis-1,2-Dichloroethene
Carbon Disulfide

1,1,2-Trichloro-1,2,2-Trifluoroethane

Acetone

Methylene Chloride
trans-1,2-Dichloroethene
Hexane
1,1-Dichloroethane
Vinyl Acetate
1,1-Dichloroethene
2-Butanone

Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene
1,2-Dichloroethane
Trichloroethene
1.2-Dichloropropane
1,4-Dioxane
Bromodichloromethane
cis-1,3-Dichloropropene
4-Methyl-2-Pentanone
Toluene

Page 1 of 2

Required Detection
ppb (vol/vol)
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TABLE 3-5
(continued)

Yolatile Compound

trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Tetrachloroethene
2-Hexanone
Dibromochloromethane
1,2-Dibromomethane
Chlorobenzene
Ethylbenzene

Total Xylenes

Styrene

Bromoform
1,1,2,2-Tetrachloroethane
Benzyl Chloride
4-Ethyl Toluene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
Hexachlorobutadiene

CAWNVI/IAH
[CHI-402-77¢]
60953007154
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Required Detection
ppb (vol/vol)
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Page 1 of 1
TABLE 3-6

Indicators, Field Measurements, and
Physical Characteristics Parameter Lists and
Required Detection Limits

Indicator Parameter

Alkalinity

Chloride

Hardness

Sulfate

Total Organic Carbon
Total Dissolved Solids
Nitrate Nitrogen
Nitrite Nitrogen
Ammonia Nitrogen

Field Measurement
Parameter

pH (s.u.)

Conductivity @25 Deg. C (umhos/cm)
Temperature (Deg. C)

Redox Potential (mV)

Dissolved Oxygen (mg/L)

Oxygen (%)

Methane (%)

Carbon Dioxide (%)

Total VOCs (Hnu screening PPM)

Physical Characteristic
Parameter

Grain Size

Atterberg Limits

Natural Moisture Content (%)
Density

Total Organic Carbon (mg/kg)

Clay Mineralogy by X-ray Diffraction
(weight percent of fraction analyzed)

CAW/cck/JAH
{CHI-402-77h]
6095300/154

Required Detection

Limit (mg/L.)

10
2
10
10
1.0
10
0.02
0.02
0.10

Required Detection
Limit

to nearest 0.05 pH unit
10
to nearest 0.5 degree
to nearest 1 mV

Required Detection
Limit

0.1

100



Parameter

TCL Organics

TAL Inorganics

Low Level TCL Organics
Low Level TAL Inorganics

Landfill Gas Volatiles

Alkalinity, Hardness, Nitrite,
Nitrate, Chloride, and Sulfate

TOC (water)

TABLE 3-7

Summary of Quality Control Requirements
H.O.D. Landfill Site RUFS

Frequency’

Requirements per OLMO01.8 (or most current)

Requirements per ILM02.0 (or most current)

Requirements per OLCO01.0 (or most current)

Requirements per ILM02.0 (or most current)

GC-MS Tune

Check Standard
LCS
DCS
Methanol Blank

Lab Blank
(ICB. CCB)

Check Standard
(ICV, CCV)

EPA QC Reference
Standard

Lab Duplicate

Matrix Spike

Lab Blank
(ICB. CCB)

EPA QL References
Standard

Check Standard
(ICV.CCV)

Lab Duplicate

Matrix Spike

1 per day

1 per day
1 per day
1 per day
1 per day

1 per 10 samples and at
end of run

1 per 10 samples and
end of run

1 per set

1 per 10 samples

1 per 10 samples

1 per 10 samples and at
and of run

1 per set

1 per 10 samples and
end of run

1 per 10 samples

1 per 10 samples

Page 1 of 3

Quality Control®

Per Section 8.2 of SOP
(Appendix B-11 of QAPP)

+30% of initial calibration
80-115%

80-115%

<DL

< Detection Limit (DL)
90-110% Recovery
80-120% Recovery

10 RPD (+2xDL if sample
concentration is <5xDL)

85-115% Recovery

<DL

80-120%. Recovery.

90-110% Recovery

10 RPD (+2xDL if sample
concentration is <5xDL)
80-120% Recovery



Parameter

TOC (soil)

Total Dissolved Solids

Ammonia Nitrogen

Grain Size, Natural Moisture
Content, Atterberg Limits, and

Density

pH (Field)

TABLE 3-7
(continued)
Audit' Frequency’
Lab Blank 1 per run
Calibration Check 4 per run
Standards
EPA QC Reference 1 per run
Lab Blank 1 per set
EPA QC Reference 1 per set
Standard
Lab Duplicate 1 per 10 samples
Lab Blank 1 per 10 samples and at
(ICB, CCB) end of run
Check Standard 1 per 10 samples and at
(ICV, CCV) end of run
EPA QC Reference 1 per set
Standard
Preparation 1 per set
Blank

Lab Duplicate

Matrix Spike

Lab Duplicate

Check Standard

Duplicate

1 per 10 samples

I per 10 samples

1 per 10 samples

1 per 10 samples

1 per 10 samples

Page 2 of 3

Quality Control’
Criteria

<DL

10% of initial
calibration

EPA criteria

<DL
80-120% Recovery,
10% RPD (+ 2xDL if

sample concentration
is <5 x DL)

<DL

90-110% Recovery

80-120% Recovery

<DL

10% RPD (+ 2xDL if
sample concentration
is <5 x DL

80 - 120% Recovery

40% RPD or <2% by
weight

+0.05 pH unit of
buffer selection

+0.2 pH unit



Parameter Audit'
Specific Conductance (Field) Check Standard
Duplicate
Temperature (Field) Duplicate
Dissolved Oxygen (Field) Duplicate
Redox Potential (Field) Check Standard
Duplicate
Methane, Oxygen and Carbon
Dioxide (Field) Duplicate
Total VOCs (HNU Field) Duplicate
Notes:
I-LCS = Laboratory control spike

DCS = Duplicate control spike(s)

CCV = Continuing Calibration Check Standard
ICV = [niual Calibration Check Standard

CCB = Continuing Calibration Blank

ICB = Initial Calibration Blank

2. Frequencies apply to each individual matrix.

TABLE 3.7
(continued)

Frequency’

1 per 10 samples

1 per 10 samples

1 per 10 samples
1 per 10 samples
1 per 5 samples

1 per 10 samples

1 per 10 samples

1 per 10 samples

Page 3 of 3

Quality Control’
Criteria

+ 10% of standard
15% RPD (+ 2xDL if
sample concentration
is <5 x DL)
20% RPD
20% RPD

+ 10 MV of true value

20% RPD

20% RPD

20% RPD

3. DL = Detection Limit and RPD = Relative Percent Difference. Refer to Tables 3-1, 3-2, 3-3, 3-4. 3-5. and 3-6 for required detection limits for each

analyte.

CAW/ndi/I A
[CHI-403-77i]
60953007154



Parameter

TCL Volatiles

TCL Semi-volatiles
TCL Pesticides/PCBs

TCL Volatiles (Low level
detection)

TCL Semi-volatiles (Low level
detection)

TCL Pesticides/PCBs (Low level
detection)

Landfill Gas Volatiles

TAL Inorganics

TAL Inorganics (Low level
detection)

Alkalinity

Hardness

Ammonia Nitrogen

Total Dissolved Solids
Chloride

Sulfate

Nitrate Nitrogen

Nitrite Nitrogen

Total Organic Carbon (water)
Total Organic Carbon (soil)

Table 7-1

Summary of Analytical Methods
H.O.D. Landfill RI/FS

sop!
SOW OLMO01.8
SOW OLMO1.8
SOW OLMO1.8

SOW OLCO01.0

SOW OLCO01.0

SOW 0LCO01.0

CRL-LM-7001

SOW ILMO02.0

SOW ILM02.0 plus SOPs
in Appendix B

LAAC,ALKAAC3
LAAC, HARDAAC?
NH3DTC

TDSC3

LAAC, CLAAC2

LAAC, S04AAC3
LAAC, NO2+NO3AAC2
LAACNO2AAC2
TOCIOPC, TOC3C
ED522902

Page 1 of 2

EPA 624
EPA 625
EPA 608

EPA 5242

EPA 625

EPA 608

E P A
Compendium
Method TO-14

EPA 200.7 (1CP)
EPA 200 (AA)
EPA 245
{Mercury)
EPA 335
{Cyanide)

EPA 200.7 (ICP)
EPA 200 (AA)
EPA 245
(Mercury)
EPA 335
(Cyanide)

EPA 310.2
EPA 130.1
EPA 350.2
EPA 160.1
EPA 325.2
EPA 375.2
EPA 353.2
EPA 354.1
EPA 415.1
EPA 415.1 and
SW846 9060



Field Measurements
pH

Specific conductance
Temperature

Redox potential

Dissolved Oxygen

Methane and Oxygen

Carbon Dioxide

Physical Characteristics
Grain Size Analysis

Atterberg Limits
Natural Moisture Content

Density
Clay Mineralogy

Footnotes:

Table 7-1
(continued)

pH
CONDYSI
TEMPFC
REDOX

YSIDO

GASTECHTOR

Page 2 of 2

EPA 150.1

EPA 120.1

EPA 170.1
Bechman pH
Meter Instruction
Manual

YSI Meter
Instruction
Manual

Gastech Model
1939 Instruction
Manual
Sensidyne
Instruction
Manual

ASTM D422,
D1140

ASTM D4318,
D427

ASTM D2216
ASTM D854
Refer to SOP in
Appendix B

(1)  SOP - Standard Operating Procedures refers to either the EPA Statement of Work (SOW) or
the appropriate laboratory document number.

(2) Method refers to the published analytical reference.

CAW/nd/JAH
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1. SITE LOCATION MAP DEVELOPED FROM THE 0 2000 4000
ANTIOCH, ILLINQIS 7 1/2 MINUTE U.S.G.S. M
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FIGURE 1-1
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FIGURE 1-2

( H.0.D. LANDFILL RUFS (
ANTIOCH, ILLINOIS
1991 ° 1992 1993 1994
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OBJECTIVES

The primary objective of the activities described in the Sampling and Analysis
Plan (SAP) is to obtain representative data to be used for the Remedial
Investigation/Feasibility Study (RI/FS) Analysis. Sampling activities described in
this plan will be performed to complete the site investigation activities of the RI.
Documentation procedures are described in the Data Management Plan.

The RI will consist of physical characterization, source characterization, and

contaminant characterization. Data use objectives of the physical characterization
include:

* Confirmation of the site stratigraphy, hydrogeology, hydrology, and
ecology

Data use objectives of the source characterization site investigation include:.
¢ Location and extent of contaminant source areas
» Investigation of chemical and physical characteristics
Data use objectives for the contaminant characterization include:
e Determination of potential migration pathways
e Evaluation of the magnitude and extent of groundwater contamination

¢ Evaluation of soil, surface water, sediment and air contamination
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2
SCOPE

This Sampling and Analysis Plan (SAP) describes the procedures and practices
(Section 5) to be used in obtaining site investigation data for use in the RI/FS.
This plan also includes a description of sampling locations and number of samples
(Section 3), the sample designation system (Section 4), decontamination and
investigative waste disposal procedures (Section 6), and sample handling (Section
7) and sample documentation (Section 8) methods to be employed. The field
activities, discussed in this report, include:

*  Physical characterization
- soil borings/soil sampling

*  Source characterization
- landfill cap evaluation
- leachate collection system effectiveness (no sampling involved)
- on-site surficial soil and sediment sampling
- leachate piezometer installation (no sampling involved)
- landfill gas probe installation
- downhole gamma logging (no sampling involved)
- leachate sampling -
= landfill gas sampling
- landfill borings

» Contaminant characterization
- groundwater sampling
- private and municipal well sampling
- surface water sampling
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SAMPLING LOCATIONS AND
NUMBER OF SAMPLES

3.1 PHYSICAL CHARACTERIZATION

The physical investigation will consist of a hydrogeologic evaluation designed to
evaluate glacial stratigraphy around the perimeter of the Site. The evaluation will
be accomplished by drilling eight soil borings around the perimeter of the Site
through native unconsolidated deposits. The locations of the borings are specified
in Table 8 and Drawing 60953-F10, both included in Volume 1 of 3 of the Work
Plan.

Up to 16 soil samples, and 2 field duplicates will be analyzed for grain size.

3.2 SOURCE CHARACTERIZATION

Source characterization sampling and analysis activities will include landfill cap
evaluation, on-site surface soil and sediment sampling, leachate sampling, landfill
gas probe installation and landfill gas sampling, and landfill borings.

3.2.1 Landfill Cap Evaluation

‘Approximately 10 test pits will be performed to aid in evaluating the effectiveness

of the existing cap to minimize infiltration of precipitation. Ten soil samples and
one field duplicate will be collected and analyzed for grain size, Atterberg limits,
natural moisture content, in-place density, and clay mineralogy using x-ray
diffraction.

Test pits will be excavated using a backhoe. Field observations including density
and nature of cover vegetation, root penetration, and evidence of inhomogeneities
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in the cap will be recorded in a field notebook. Test pit profiles will be recorded
on test pit logs.

3.2.2 On-Site Surface Soil and Sediment Sampling

On-site surficial soil and sediments will be collected in likely deposition areas in
order to characterize contaminants. One sample from each of five areas of
deposition (determined during site inspections) will be collected and analyzed for
TCL organics, TAL inorganics, total organic carbon (TOC), grain size, natural
moisture content, and Atterberg limits. One duplicate sample will also be
collected and analyzed for the same parameters.

One soil sample will also be collected as matrix spike/matrix spike duplicate
(MS/MSD) samples.

3.2.3 Landfill Gas Probe Installation

In order to assess methane gas production within the landfill, multi-stage landfill
gas probes will be installed in the same boreholes as each new leachate
piezometer. A total of thirteen new multi-stage gas probes will be installed. In
addition, five perimeter gas probes will be installed on-site outside of the landfill
area. Landfill gas monitoring will consist of monitoring percent methane,
oxygen, carbon dioxide, and VOCs.

3.2.4 Leachate Sampling

In order to chemically characterize the leachate composition, samples will be
collected from the following five locations: Manhole MHE and leachate
piezometers LP1, LP6, LP8 and LP11. One duplicate sample, one field blank,
and one MS/MSD will also be collected and analyzed.

Samples collected will be analyzed in the laboratory for TCL organics, TAL
inorganics, chloride, sulfate, alkalinity, total hardness, nitrate nitrogen, nitrite
nitrogen, ammonia nitrogen, TOC, and total dissolved solids (TDS). Field
analysis will be conducted on each sample to determine field pH, field specific
conductance, temperature, redox, and dissolved oxygen.

3.2.5 Landfill Gas Sampling

Approximately five landfill gas samples will be collected from landfill gas probes
associated with leachate piezometers and/or gas well flares. Landfill gas samples
will be collected at the following leachate piezometers: LP1, LP6, LP7, LP8, and
LP11. Samples will be analyzed in the field for methane, oxygen, and carbon

dioxide. Five investigative samples, one field blank and one duplicate collected
will be submitted for VOC analysis.
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3.2.6 Landfill Borings

In order to determine subsurface conditions and evaluate the feasibility of
constructing a leachate barrier along the perimeter of the "old" landfill,
approximately five soil borings will be drilled along the southern perimeter of the
“old" landfill. Approximately ten soil samples (two from each boring) and one

field duplicate will be submitted for grain size analysis.

3.3 CONTAMINANT CHARACTERIZATION

Contaminant characterization activities will include groundwater monitoring
(water level measurements, in-situ hydraulic conductivity tests, new well
installation, and sampling of new and existing wells), municipal and private well
monitoring, and a hydrogeologic evaluation/surface water sampling.

3.3.1 Groundwater Monitoring
Eight momtormg wells will be installed at eight different locations around the
site.

Initially, water level measurements will be made at all monitoring wells. Single
well in-situ hydraulic conductivity tests will be conducted at selected existing and
new monitoring wells (see Work Plan Section 4.4.2). Prior to new monitoring
well installation, existing monitoring wells will be mspectcd to confirm that each
is functional and capable of being sampled.

Phase 1 groundwater sampling will consist of sampling the following wells and
analyzing for TCL/TAL parameters, alkalinity, chloride, hardness, sulfate, TOC,
total dissolved solids (TDS), nitrate nitrogen, nitrite nitrogen, and ammonia
nitrogen:

e USISand ID  US3S,3l,and 3D
* US4S and 4D e W4S
» US6S, 61 and 6D *  W6S
* GIliSand 11D * W7D

e WSS

3.3.2 Municipal/Private Well Monitoring :
Municipal wells 3 and 5 and up to six private groundwater supply wells will be
sampled and analyzed for for TCL organics and TAL inorganics. One field
duplicate and field blank will be collected for each analysis. An MS/MSD sample
will also be collected and analyzed for TCL organics. Private well sampling will
be coordinated with the Lake County Health Department. Field parameters will
consist of pH, conductivity and temperature.
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3.3.3 Surface Water Sampling
Three surface water samples will be collected for analysis of TCL organics and
TAL inorganics. One field duplicate and field blank will be collected for each
analysis. An MS/MSD sample will also be collected for TCL organic analysis.
Field parameters will consist of pH, conductivity, temperature, redox, and

dissolved oxygen.

During sampling, surface water levels and flow rates will be measured. A
physical inspection of the Sequoit Creek banks will also be conducted.

3.4 QUALITY ASSURANCE SAMPLING

Quality control samples will collected during sampling activities associated with
the physical characterization of soils, and the chemical characterization of
sediments/surface soils, leachate, landfill gas, groundwater and surface water.
Quality control samples will consist of sample duplicates, field blanks and matrix
spike/matrix spike duplicate (MS/MSD) samples as described below.

3.4.1 Field Blanks

For sediment and soil samples, no field blanks will be collected due to the
unavailability of suitable blank material. For water and leachate samples, one
field blank will be prepared for each type and container size. Field blanks will be
prepared according to the following schedule for each sampling activity:

¢ One field blank for every 10 or fewer samples collected; and

* For each sampling period, a minimum of one blank for each group of
parameters per sample matrix.

The field blank samples will be prepared using deionized water stored in poly-
ethylene containers. The water will be routed through the appropriate sampling
equipment following decontamination. Landfill gas field blanks will be prepared
by collecting a sample of ambient air after decontamination of the sampling
system.

3.4.2 Matrix Spike and Matrix Spike Duplicates (MS/MSD)

For water and leachate samples, one sample per group of 20 or fewer samples
collected for VOA and extracted organics analysis during each sampling activity
will be selected for MS/MSD analysis. MS/MSD samples will not be collected
for inorganic analysis.

For soil samples, two MS/MSD samples will be collected for organic analysts.
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3.4.3 Sample Duplicate

One duplicate sample will be collected for each increment of 10 or fewer samples
collected for each matrix during each sampling period. A duplicate sample will
consist of a sample obtained from the same sampling device as the original
sample.

3.4.4 Trip Blanks (TB)

A trip blank for VOC analysis will be included in each sample shipment
containing water matrix samples for VOCs. The trip blank will consist of two 40-
ml VOC vials filled with deionized water with a Milli-Q cleanup. It will be
prepared in the laboratory or office, transported to the field and shipped with the
other samples to the designated laboratory without being opened. It will be
packaged using standard procedures as for the other sample bottles.
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4
SAMPLE DESIGNATION

A sample numbering system will be used to identify each investigative and
quality control sample. Each sample identifier will include the project identifier
code, sample type and location code, and a sampling event code. The sampler
will maintain a log book containing the sample identification listings.

. 4.1. PROJECT IDENTIFIER CODE
A two-letter designation will be implemented to identify the sampling site. The
project identifier will be "HD" to signify the HOD Landfill Site in Antioch,
linois.
4.2. SAMPLE TYPE AND LOCATION CODE
Each sample collected will be identified by a two-letter code corresponding to the
sample type. Sample type codes to be used for the subtasks covered in this

sampling plan include:

* GW- groundwater sample from monitoring well

* SS - split spoon or soil boring sample

* SD - sediment sample

* SW-  surface water sample

e SU - surface soil sample

e PW-  groundwater from a private residential well or municipal well
« SC - soil sample collected from test pits of the clay cap

* LC - leachate sample
« LG - landfill gas

* FB - field blank

« TB - trip blank
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Other letter designators may be added for sample activities of later subtasks.

The location code will follow the sample type code. The location code consists of
a two-to-five digit numeric or alpha-numeric code that indicates the sample
location. Surface water, sediment, field blanks, and air samples will use a
consecutive numbering system starting at 01, assigned in the field.

4.3. SAMPLING ROUND CODE/DUPLICATE CODE

A two-digit numerical code will be used to designate additional location
information. For soil samples, the Round code will represent the depth of the
sample in feet below the ground surface. Duplicate samples will be designated by
the Round code preceded by a 9. Matrix spike and matrix spike duplicate samples
are collected as additional sample volume at selected locations.

Although identified as such on chain-of-custody records, specific sampling codes

will not be provided for matrix spike or matrix spike duplicate samples.

4.4 EXAMPLES OF SAMPLE NUMBERS

Examples of sample number codes are as follows:

« HD-SSWS5S-15 = HOD Landfill, split spoon sample from monitoring
well WSS at a depth of 15 feet.

+ HD-SCTP7-3 = HOD Landfill, soil sample of clay cap collected from at
Test Pit 7 a depth of 3 feet.
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- GENERAL SAMPLING
EQUIPMENT AND PROCEDURES

5.1 SOIL BORINGS AND SOIL SAMPLING

5.1.1 Objective
The objective of this activity is to physically characterize the subsurface soils and
to confirm the local glacial stratigraphy.

5.1.2 Personnel and Responsibilities

A drill crew of two individuals will perform the borings for soil samples. A
geologist will supervise their efforts, collect soil samples and function as site
safety officer. '

5.1.3 Methods
Borings will be drilled using 4.25-inch inner diameter (ID) x 8.5-inch outer
diameter (OD) or 6.25-inch ID x 10.25-inch OD hollow stem augers. Soil

" samples will be collected with split spoon samplers, visually classified in the field

by a geologist and placed into the appropriate sampling jars. Soil samples will be
collected at 2.5 foot intervals. Selected soil samples will be analyzed in the
laboratory for grain size. Two samples will be collected from each boring for
analysis.

Soil samples will be selected for analysis based on visual observations, sample
depth and stratigraphy.
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5.2 LANDFILL CAP EVALUATION

5.2.1 Objective
The objective of this activity is to evaluate the effectiveness of the existing cap.

5.2.2 Personnel and Responsibilities

Test pits will be excavated by a crew of two individuals, one individual will
operate the backhoe under the supervision of a geologist. The geologist will
observe the excavation and record observations and function as the site safety
officer.

5.2.3 Methods

At each test pit location, topsoil will be carefully scraped away and placed to one
side. Cap materials will then be excavated and placed separately from the covered
materials. The on-site geologist will observe and describe and photodocument the
excavation. Excavations will be terminated at approximately 5 to 6 feet or when
the on-site geologist and U.S. EPA oversight professionals agree that the cap
profile has been adequately evaluated.

Air monitoring for health and safety purposes will be conducted with a
photoionization detector (PID).

Decontamination will include steam cleaning the backhoe bucket before the initial
excavation during each visit and between subsequent excavations to minimize
carry-over contamination. '

5.3 SURFICIAL SOIL AND SEDIMENT SAMPLING

5.3.1 Objective
The objective of this activity is to chemically characterize site surficial
soils/sediments.

5.3.2 Personnel and Responsibilities
A crew of two individuals will collect samples.

5.3.3 Methods

Samples will be collected using a stainless steel trowel and will be transferred
directly to the appropriate sample jars. Samples will be analyzed in the laboratory
for U.S. EPA CLP TCL and TAL parameters, and physical parameters (TOC,
grain size, natural moisture content, and Atterberg limits).
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5.4 LANDFILL GAS MONITORING

5.4.1 Objective

The primary objective of this activity is to monitor the presence of landfill gas
(LG) within and outside the landfill and, if found, conduct analysis to determine
percent methane, oxygen, and carbon dioxide, and the presence and
concentrations of volatile organic compounds (VOCs).

5.4.2 Personnel and Responsibilities
A geologist, hydrogeologist, or field engineer, and a technician, will be
responsible for obtaining landfill gas samples.

5.4.3 Methods
Samples of landfill gas will be collected for VOC analysis in the following
manner:

. S.amples will be collected in canisters provided by the analytical
laboratory. Each canister is under vacuum, and has a valve opening.

«  Oneend of tygon tubing will be attached to the canister; the other end
will be attached to the gas probe that has been purged using a personal
sampling pump.

* The absolute pressure of the cannister is recorded and the valve
connecting the canister to the tubing will be opened for two minutes,

allowing the sample to collect in the canister.

The valve will then be closed, and the tygon tubing disconnected and the
absolute measure again recorded. °

*  The canister will be stored in a cooler for shipment to the laboratory.

*  Appropriate field information will be included in the cannister sampling
field data sheet shipped with each canister.

Percent methane, oxygen, and carbon dioxide will be measured in the field using a
GasTech or similar monitoring instrument.
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5.5 LEACHATE SAMPLING

5.5.1 Objective
The primary objective of this activity is to chemically characterize leachate.

5.5.2 Personnel and Responsibilities
A team of two individuals will be responsible for the sampling.

5.5.3 Methods

Each leachate piezometer will be sampled using a stainless steel bailer attached to
stainless steel cable. The sampling equipment will be cleaned between wells with
a Liquinox or other non-phosphate detergent solution and will be rinsed with
deionized water.

Decontamination will include steam cleaning or high pressure hot water washing
the drilling equipment and tools between field boreholes and detergent washing
and water rinsing the split-spoon samplers after each collected sample.
Decontamination fluids and borehole cuttings will be containerized and stored in a
secure area pending results of groundwater and soil analyses. If borehole cuttings,
purge water, decontamination water are found to be contaminated, these materials
will be disposed of appropriately after consultation with EPA.

5.6 MONITORING WELL INSTALLATION
AND ASSOCIATED TESTING

5.6.1 Objective
The objective of this activity is to determine groundwater flow direction and
physical characteristics of the geologic media in the site area.

5.6.2 Personnel and Responsibilities

Groundwater monitoring wells will be installed and soil borings performed by a
drill crew of two individuals each. Monitoring well installation and soil borings
will be supervised by a geologist, who will collect soil samples and function as
the site safety officer. Water levels will be measured by a technician. Hydraulic
conductivity tests will be performed by a team of two individuals.

5.6.3 Methods

Monitoring Well Installation - Each boring will be drilled using 4.25-inch ID or
6.25-inch ID hollow stem augers from ground surface to the base of the boring.
Soil samples will be collected at ground surface and at 2.5 ft intervals to the base
of the boring. Split-spoon samples will be analyzed for grain size and Atterberg
limits (if appropriate). The purpose of these analyses is to confirm field
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identification of soils and to assist in assessing subsurface soils as a contaminant
migration pathway. Soil samples will be field screened with a PID to assess

potential hazards to the field personnel.

Final soil boring logs will be prepared based on field observations, soil testing,
and laboratory sample classification. Soil samples and rock cores will be retained
by Warzyn for the respondents until termination of the RI/FS. Procedures for
sample handling are discussed in the QAPP.

Monitoring wells will be constructed of 2-inch ID Schedule 40 PVC pipe. Water
table wells will be constructed with 10-ft long, PVC screens placed so the screen
is likely to intercept the water table. Piezometers will be constructed with 5 ft
long PVC screens.

The annular space between the well and the edge of the borehole will be
backfilled with clean silica sand to approximately 2 ft above the top of the well
screen. At water table wells, the remainder of the annulus will be backfilled with
granular bentonite. At piezometers, a fine silica sand or bentonite pellets will be
placed above the filter pack and bentonite slurry placed above the fine silica sand
or bentonite pellets. The remainder of the annular space will be backfilled with a
sodium based bentonite slurry. Where more than 5 ft of slurry needs to be placed,
a tremie pipe will be used. A locking steel protective casing will be installed at
the surface of each well.

A PID will be used to monitor air quality for site safety purposes and to screen
soils for VOCs. Drill cuttings from the boreholes will be containerized if PID
readings exceed 5 ppm. Water used during the drilling operations and well
development will be containerized pending results of groundwater sample
analysis.

To minimize potential inadvertent contamination by drilling equipment and/or
inter-borehole contamination, steam cleaning will be used. ‘The drill rig and
drilling tools will be steamed cleaned before mobilization onto the site. The
drilling tools coming into contact with site soils will be steam-cleaned between
each boring. Water from the steam cleaning will not be collected.

The split-spoon sampler will be cleaned in a liquinox or non-phosphate detergent
solution between samples. Water from split-spoon cleaning will not be collected.
Well pipe, screen and protective casings will be steam cleaned or washed with a
high pressure hot water washer before installation. Water from steam cleaning
will not be collected.



Sampling and Analysis Plan

H.O.D. Landfill

September 1992

Page A-15

New monitoring wells will be developed by alternatively surging and purging
each wells using a bailer for a minimum of 30 min. After the surge and purge
cycles are completed, the well will be pumped until 10 well volumes are removed
or until the well produces sediment free water. Purged water will not be collected.

Water Level Measurements - Water levels in existing and new monitoring wells
will be measured. An electronic water level indicator will be lowered into the
observation wells until the water level is reached. Depths will be recorded to the
nearest 0.1 ft. '

In-Situ Hydraulic Conductivity Tests - Hydraulic conductivity will be
measured by drawdown testing in selected shallow water table wells and by air
pressure in deeper piezometers. Hydraulic conductivity testing will be conducted
after groundwater quality sampling. The methods to be used are as follows:

e Measure water level with a tape and sounding device or electronic water
level indicator.

e Place the pressure transducer into the well and allow approximately
three minutes for the probe to equilibrate to the water temperature and
pressure.

e Install the well head device to seal the well head (for piezometers only).

~

» Enter the reference water level into the data logger and check the water
level using the pressure transducer until water level reading is stable.

* After a stabilized water level reading is obtained from the pressure
transducer, the well is pressurized with sufficient air pressure to displace

10 ft of water (0.4 PSI/ft of water) (for piezometers only).

e Air pressure is maintained until the water level reading from the
transducer is constant (for piezometers only).

* The air pressure is then instantaneously released while running the

pressure transducer recorder in the log sampling mode (for piezometers

only).
* At water table wells a single bailer full is removed to reduce the water
level, while running the pressure transducer recorder in the log sampling

mode.

» The test results are immediately printed out to obtain a hard copy.

o
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* Data are transferred to a micro-computer.

5.7 GROUNDWATER QUALITY SAMPLING

5.7.1 Objectives
The objective of groundwater samplmg is to determine the nature, magnitude and
extent of groundwater contamination.

5.7.2 Personnel and Responsibilities
A crew of two technicians will collect samples.

5.7.3 Methods - :
New and selected existing monitoring wells will bc sampled during the
investigation. Sampling will not be conducted for a minimum of two weeks after

well development. Several private wells and municipal wells may also be

sampled during the investigation. Groundwater sampling will proceed from wells
expected to have the lowest contaminant concentrations (based upon observations
during drilling and existing groundwater quality data), to the wells suspected of
having the highest contaminant concentrations. Each sampled well will be purged
immediately prior to sampling using a submersible sampling pump, stainless steel
bailer attached to stainless steel cable, or bladder pump. The volume of water
removed from the well will be measured so that a minimum of three well volumes
are removed. Groundwater samples will be collected immediately after well
purging has been completed. Samples to be analyzcd for VOCs will be collected
first to minimize volatilization.

The sampling equipment and water level measurement tape will be cleaned
between wells with a Liquinox or another non-phosphate detergent solution and
rinsed with deionized water.

Groundwater sample blanks will be collected by pouring deionized water from the
sampling device into the sample bottles. Matrix spike/matrix spike duplicate
samples will be collected using the same device used for groundwater sample
collection. Duplicate samples for volatile organics analysis will be obtained by
alternately filling VOC vials for the primary and duplicate sample. The remainder
of the sample for inorganic analys:s will be split betwcen the principle sample
and the duplicate sample.
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5.8 SURFACE WATER CHARACTERIZATION

5.8.1 Objective
The objective of the surface water investigation is to chemically characterize
surface water.

5.8.2 Personnel and Responsibilities
A team of two technicians will collect surface water samples and provide their
own site safety monitoring.

5.8.3 Methods

- VOC samples will be collected first to minimize volatilization. Samples for metal
analysis will be unfiltered. Surface water samples will be collected using stainless
steel dippers as sampling equipment. Sampling equipment will be
decontaminated using Liquinox or another non-phosphate detergent and rinsed
with deionized water.

5.9 PRIVATE/MUNICIPAL WELL SAMPLING

5.9.1 Objective
The objective of the private/municipal well sampling is to chemically characterize
water quality in area drinking water supplies.

5.9.2 Personnel and Responsibilities
A team of two technicians will collect samples.

5.9.3 Methods

Prior to sampling, the water system will be purged. Sampling will be conducted
at the tap closest to the source; screens, aerators, filters, etc. will be removed prior
to sampling. Water flow will be adjusted to a smooth-flowing stream and samples
collected directly in sample jars.
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6

DECONTAMINATION AND
INVESTIGATIVE WASTE DISPOSAL
PROCEDURES

6.1 DECONTAMINATION PROCEDURES.
Procedures to be followed to decontaminate equipment-and personnel are
described in the Site Health and Safety Plan. The procedures are summarized
below.
Site Personnel Decontaminate Procedure:
"« Dispose of outer latex booties

*  Wash boots in Liquinox bootwash

e Clean outer gloves in Liquinox wash solution (discard if too soiled to
clean thoroughly) ‘

* Dispose of polycoated tyvek suits
* Dispose of surgical gloves
*  Wash hands in hand wash
*  Wash face ar;d neck in face wash

. Clean and sanitize face mask
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Site personnel will perform the above mentioned decontamination procedure at a
specified decontamination area prior to leaving the site.

Discarded clothing and other articles will be collected in double-lined, heavy duty
garbage bags.

Equipment and vehicle decontamination procedure:
e Decontamination will be performed prior to site entry
*  Decontamination will be performed on-site

e Gross contamination will be removed with a brush and Liquinox
solution

*  Steam cleaning or hot water high pressure washing will follow

The drilling equipment and the backhoe will be steam cleaned or high pressure
hot water washed, at a designated decontamination area, between
boring/excavation locations and prior to exiting the site. The equipment and
vehicle decontamination area will be constructed above grade adjacent to an
existing on-site manhole. The catchment will be lined and will drain to the
existing manhole. Collected waste water will be immediately pumped from the
manhole into the temporary leachate tanker and disposed of with the extracted
leachate. The equipment decontamination area will be located away from the
designated personnel decontamination area.

Decontamination will include steam-cleaning or hot water high pressure washing
the drilling equipment, backhoe and tools between boreholes and test pits, and
detergent washing and water rinsing the split spoon samplers after each collected
sample. The drill rig and equipment may also require scrubbing of accessible
parts with a detergent/water solution. Well materials will also be steam-cleaned
or hot water high pressure washed and wrapped in plastic until installed. The
bailer cable, trowels, spatulas, stainless steel bucket and water level measurement
tape will be cleaned with Liquinox or another non-phosphate detergent solution,
and rinsed with deionized water.

Equipment remaining on-site overnight will be decontaminated at the end of the
day, if not done earlier in the day.
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6.2 INVESTIGATIVE WASTE DISPOSAL PROCEDURES

Performance of the remedial investigation will generate liquid and solid
investigative wastes. The disposition of these wastes is described below.

6.2.1. Monitoring Well Fluids
Waste liquids derived from the development or purging for sampling of
monitoring wells will be collected and disposed with leachate.

6.2.2. Soils

Impacted soil will be generated through drill cuttings in the performance of soil
borings. These soils will be segregated on the basis of whether impacts are
indicated by PID field screening. Soils are considered impacted if PID readings
are greater than 10 ppm. Non-impacted soil (<10 ppm) will be left in the area
near the soil boring. Impacted soils (>10 ppm) will be stored on-site in a covered
roll-off container until a final site remedy is selected. When the final remedy is
implemented, the impacted soils may be incorporated with the waste under the
final remedy, or handled as a solid waste if they pass the TCLP test.
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7

SAMPLE HANDLING AND ANALYSIS

7.1 PARAMETERS

Samples collected for chemical analysis will be analyzed by a laboratory
approved by the U.S. EPA Region V Contract Program Management Section
(CPMS). Chemical parameters for which groundwater and surface water may be
analyzed are summarized below:

* U.S. EPA CLP TCL organics
* U.S. EPA CLP TAL inorganics

* Field pH -
» Field Specific Conductance
*  Chloride

*  Sulfate

»  Alkalinity

* Nitrate - Nitrogen

* Nitrite Nitrogen

* Ammonia - Nitrogen

* Total Organic Carbon
* Total Dissolved Solids

Measurement of pH, specific conductance and temperature, dissolved oxygen and
redox will be performed in the field. The groundwater samples to be analyzed for
inorganics (with the exception of cyanide) will be field filtered with 0.45 micron
filters within 15 minutes of sample collection. Surface water and
private/municipal well samples will not be field filtered. Surficial soil and
sediment samples will be analyzed for U.S. EPA TCL and TAL parameters and
grain size, Atterberg limits, TOC, and natural moisture content. Soil samples
from monitoring well installation borings will be analyzed for grain size and
Atterberg limits (if appropriate).
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Soil samples from the landfill cap evaluation will be analyzed for grain size.
Atterberg limits, natural moisture content, density, and clay mineralogy. Leachate

samples will be analyzed for the same parameters as groundwater. Landfill gas
samples will be analyzed for VOCs, methane, oxygen, and carbon dioxide.

7.2 SAMPLE PRESERVATION

Samples will be collected and preserved in a manner appropriate for the analyses
they receive (see Table 1-2 of the QAPP). The portion of groundwater samples
requiring field filtering prior to analysis (see Table 1-2 of the QAPP) will be
filtered using a pressure filtration device, through a 0.45 micron filter, as soon as
possible after collection. Filtered portions of the samples will be preserved, as
appropriate, immediately after filtration. Sample fractions will be preserved
before shipment according to the procedures shown in Table 1-2 of the QAPP.
Preservatives added to the samples will be prepared using reagent grade
chemicals. Table 1-2 of the QAPP should be consulted for details regarding
sample packaging and shipping.
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8
SAMPLE DOCUMENTATION

Field sampling activities will be documented using a bound notebook/logbook.
Information recorded in the field notebook will include date of sampling, sampler,
weather conditions, observations and methods of preservation. Additional data
pertaining to sampling may also be included in the logbook. Landfill gas samples
collected in stainless steel canisters will be documented on canister sampling data
sheets.

Samples will be collected under chain-of-custody procedures. Standard forms
including sample labels, sample tags, chain-of-custody forms, and custody seals
used for sample tracking will be maintained (see attachments). A brief
description of sample documents follow:

A. Chain of Custody Form

1. One Form per shipping container (cooler).

2. Carrier service does not need to sign form, if custody seals remain
intact.

3. Use for all samples
B. Chain of Custody Seals

1. Two seals per shipping container to secure the lid and provide
evidence that samples have not been tampered with.

2. Cover seals with clear tape.

3. Record seal numbers on Chain of Custody Form.
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4. Use for all samples. "

C. Sample Tags -
1. Each sample container must have a sample tag affixed to it. |
2. Sample tag numbers are recorded on the Chain of Custody Forms.
- 3. Use for all samples.
D. Sample Identification Record Form will:

1. Provide means of recording crucial sample shipping and tracking
information.

2. Contain information such as: —
e  Sample number
*  Sample matrix
e  Sample location code
e  Sample round /
*  Chain of custody number
* Labcode
* Date sampled
e Date shipped
e Airbill number
e  Sampling tag number

Paperwork accompanying the samples being shipped to the laboratory will be
sealed in a plastic bag that is taped to the inside of the cooler lid. Copies of the
chain-of-custody forms, and other paperwork (if possible), will be retained with
the field files.

Two sample seals will be placed on opposite sides of the lid and extending down
the sides of the cooler. The lid will be securely taped shut prior to shipment.

PMS/IDDMVI/AJS
[mad-606-172b)
6095300/154
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Effective: 5 -23-91

ALKALINITY - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater and wastewater.

Reference: EPA 1983, Method 310.2 Lachat Instruments 1988, Method 10-303-31-1-A

Sample Handling: Refrigerate at 4°C and analyze within 14 days of collection.

Detection Limit: 10 mg/L as CaCO3

Optimum Range: 10 - 500 mg/L

Instrument Conditions:

Pump speed: 35

Cycle period: 40 seconds

Load period: 25 seconds

Inject period: 15 seconds

Inject to start of peak period: 5 seconds
Inject to end of peak period: 44 seconds
Gain: 150x 10

Zero: 180

Interference filter: 410 nm

Sample loop: 90 cm

Standards for curve set-up: 0, 20, 50, 100, 250, 500 mg/L.

SO0 N AW

=

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water - 2 options:
a. Boil Milli-Q water vigorously for S minutes. Cool and store in cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water
(15 min/20 L.) Store in cubitainer.

2. Stock alkalinity standard (1000 mg/L as CaCO3): In a 1 liter volumetric flask,
dissolve 1.060 g of anhydrous primary standard grade sodium carbonate (NayCO3-
dried at 250°C for 4 hours) in approximately 900 mL of helium purged Milli-Q water,
and dilute to mark.

3. Standards: (Prepare fresh every month). Dilute to volume using degassed Milli-Q
water. Refrigerate.

[WCCONT-202] ALKAAC3-1



Concentration Letter Volume of Dilute

of Standard Identifier Alk. Stock to
0 mg/L A 0 200 mL
20 mg/L B 4.0 200 mL
50 mg/L C 10 200 mL
100 mg/L D 50 500 mL
250 mg/L E 125 500 mL
500 mg/L F 100 200 mL
CRDL 10 mg/L 2.0 200 mL

Note: Final volumes are not the same! Computer refers to standards by letter.

Hydrochloric acid (0IM): In a 1 liter flask, dilute 8.3 mL of concentrated HCL in
D.I. water and dilute to the mark.

KHP buffer (0.025 M, pH 3.1): In a 1 liter flask, dissolve 5.10 g of primary standard

- grade potassium acid phthalate (KHP) (KHCgH40O4) in approximately 800 mL of

Milli-Q water. Add 70 mL of 0.1M HCI, then carefully, add additional acid to bring
pH to between 3.10 and 3.12. Note: Use only 0.1M HCL to adjust the pH of buffer.
Do not back adjust the pH with NaOH. Vacuum filter through a 0.45 micron
membrane filter. Store In Glass and Prepare Daily!

Methyl orange reagent: In a 1 liter volumetric flask, dissolve 0.125 g of methyl orange
indicator in about 700 mL of Milli-Q water and dilute to the mark. Mix well and
vacuum filter through a 0.45 micron membrane filter before each use. Store in amber
glass! Note: Amount of methyl orange may be adjusted to correct for variances in
lots of methyl orange.

Samples must be diluted to obtain concentrations within the optimum working range.
The gain and zero settings are guidelines and must be optimized each day.

The alkalinity standards can be combined with chloride and sulfate standards for use
with the 3 channel method.

Turbidity will interfere. Samples must be filtered prior to analysis. (Use Whatman
#1 or #4 filter paper.)

Color will interfere, dilute the sample and also spike the dilution to confirm the
quality of the result.
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System Operation:

1. Refer to “Auto Analyzer Operation start-up procedure.” (IOP# LAAC-Section A).

2. Analyze an initial calibration check standard, a blank, a CRDL standard and a known
reference standard at the beginning of each run. The blank must be below the
detection limit and the standards must be within required control limits before any
samples are analyzed.

3. Spike samples by mixing sample with an equal volume of 250 mg/L standard (E), for a
final spike level of 125 mg/L.

4. The calibration check standard is 100 mg/L (D).
5. Refer to “Auto Analyzer shut-down procedure”. (I0P# LLAAC-Section B).
Quality Control:

1. Establish a standard curve with the standards listed above. The derived concentration
of each calibration must be + 10% of the true value. The derived value for the blank
must be below the method detection limit.

2. The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of + the MDL or the instrument must be
re-calibrated before samples are analyzed.

3. A quality control calibration check standard of 100 mg/L (D) and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. Standards must be within
the acceptable ranges and blanks must be below the method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculation:

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM
XT computer. See LAAC SOP for further detail.
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AUTOANALYZER

Scope_and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection
References: Lachat Instruments, 1986,

Sample Handling: See separate SOP’s for requirements,

Reagents and Apparatus:

Lachat 3-channel autoanalyzer
Stock and standard ion solutions
Class A volumetric flasks
Class A volumetric pipets
Mil1l1i-Q water

Required interference filters
Disposable 4 mL cups
Automatic sampler
Proportioning pump

Injection module
Colorimeters

Manifolds

Columns - if needed

Helium gas

Computer

Printer

bt ot ot ot od bt
ONPPWMNHO WS U P WRN ke

Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.
b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4, Insert correct filter.

5. Pump Milli-Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.

8. Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

9. Select appropriate method. Press <enter>.
10. Printer should be set at FONT O.
11. Pump reagents until a steady baseline is achieved.

12. When using a method with a column (S04 or NO3)}, the column may be
inserted at this point. See method SOP’s for more details.

- 13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.
a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.

[C-AA-A]
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15.

16.

17.

18.

d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID’s". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

- go into the foreground (Press Alt, Esc keys)

" - select "display calibration graph" (Press <enter>)

- review the data

- return to the background (Press Alt, Esc keys)

LAAC-3



- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)2?2" Press "Yes". Press Esc key to return to main menu.

If column is used, stop the pump and disconnect from manifold.
Pull lines from reagents into a wash beaker of D.I..

Pump D.I. through lines for 2-5 minutes.

Pump air through lines until manifold is dry.

Turn off pump.

~ (o)) wn = (V8 [pS]
. . . . . .

Release tubing cartridges and lower tension levers. Release
tubing. ’

8. Turn off main switch on rear power strip.
9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section ()

11. Turn off the computer and printer.

C. Backing-up the Data F}1es

1. Exit to DOS
2. At C> Type: «cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.
4. At C> Type: del *.* Press <enter>
5. Are you sure (Y/N)? Type: Y Press <enter>
6. At C> Type: cd\ Press <enter>
7. Turn off the red switch on the computer power strip to turn off the

computer, printer and screen.

[C-AA-A]
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Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
g high degree of confidence in the determined sample values. See

igure 1.

LAAC-5
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Problem: Cause:

Negative peak 1. Contaminated carrier
2. Bad or no SO4 column or sample
extremely high in hardness
3. Samples high in oxidizing agents
—
Reproduceable dip when valve 1. Bad color reagent
switches (before peak) 2. Could-also be valve turning artifact caused
by a highly colored reagent
Odd looking peaks 1. Index of refraction problem, matrix related

(usually acid or pH buffering)

Also method interferences: high hardness
on SO4 method, oxidizing samples on
nitrate method

Bad reagents

=

)

L A L

Shifting baseline Flow problem

. Precipitate build-up on SOg4 manifold” )
JL tubing

1O =

Peak too early/late 1. Usually flow problem
2. Valve not set to an initial load position
state before starting run
3. Incorrect pump setting or other timing
problem
Peak cut off in window 1. Reagents exceeded-reagents improperly
prepared
ﬂ 2. Standards incorrectly prepared
Reproduceable dip after peak 1. Bad column
Small intermittent peaks 1. Milli-Q or reagents not degassed properly
or adequately
2. Waste line coil not installed (for the
methods which require it)
|

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)

2. Chemistry
3. Timing (not usually a problem after initial devclopment)
BLH/cf
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APPENDIX B-2

HARDNESS (WARZYN)




Effective: = 22-9|

HARDNESS AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater and wastewater.

References: EPA 1983, Method 130.1
Lachat Instruments 1989, Method 10-301-31-1-B

Detection Limit: 10 mg/L.

Optimum Concentration Range: 10-500 mg/L

Sample Handling: Preserve with HNO3 to a pH <2, refrigerate at 4°C and analyze within 6
months of collection.

~ Instrument Conditions:

Pump speed: 35

Cycle period: 55 seconds

Load period: 30 seconds

Inject period: 30 seconds

Inject to start of peak period: 18 seconds
Inject to end of peak period: 69 seconds
Gain: 620

Zero: 100

. Interference filter: 520 nm

0. Sample loop: Microloop

1. Standards for curve set-up: 0, 50, 100, 200, 400, 500 mg/L

MO RN A LN S

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.)

1. Degassed Milli-Q water - 2 optionsﬁ
a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through 20 L Milli-Q water
for about 15 minutes. Store in cubitainer.

2.  Stock hardness standard (1000 mg/L): Place 1.000 g anhydrous calcium carbonate
(primary standard) in a liter volumetric flask. Add 1+ 1 HCL, a little at a time, until
all the CaCOs3 is dissolved. Add 200 mL of D.I. water. Boil for a few minutes to
expel COp. Cool. Adjust to a pH of 5.4 using 3N NH4OH or 1+ 1 HCL. Dilute to 1
liter with D.I. water. Refrigerate.

3. Ammonium Hydroxide 3N): In a liter flask, dilute 210 mL of concentrated NH4OH
to mark with D.I. water.

4. Standards: Prepare in 200 mL volumetric flasks using D.I. water. Preserve with 0.3
mL of HNO3. Refrigerate.

[WCCONT-219] HARDAAC2-1



Concentration Letter Volume of Dilute

of Standard Identifier Stock Standard To
0 mg/L A 0OmL 200 mL
S0 mg/L B 10 mL 200 mL
100 mg/L C 20mL 200 mL
200 mg/L D 40 mL 200 mL
400 mg/L E 80 mL 200 mL
500 mg/L F 100 mL 200 mL

CRDL  10mgL 2.0mL 200 mL

S. Ammonium chloride buffer (pH = 1L.0): Dissolve 67.6 g of ammonium chloride
(NH4C)) in 572 mL concentrated ammonium hydroxide (NH4OH, 29.0%). Transfer
to a liter volumetric flask and dilute to the mark with D.1. water. Filter before use to
degas solution.

Note: Prepare and filter in the fume hood.

6. Calmagite indicator: Dissolve 0.25 g calmagite in 500 mL of D.I. water. Stir 30
minutes on a magnetic stir plate. Filter through 0.45 micron filter paper, before each
use.

7. Magnesium ethylenediamine-tetraacetate: Dissolve 0.20 g Mg EDTA magnesium

salt in a liter volumetric, dilute to the mark using degassed Milli-Q water. (The
sodium salt of Mg EDTA may be substituted.)

Notes:

1. Degas buffer before each run.

2. Filter calmagite through 0.45 micron filter paper before each run.

3. Allow reagents to warm up before starting run.

4. Samples must be diluted to obtain concentrations within the optimum working
range.

S. The gain and zero settings are guidelines and must be optimized each day.

6. Any sample with turbidity must be filtered prior to analysis. (Use Whatman #1 or
#4 filter paper).

7. Coloris an interference, dilute the sample and also spike the dilution to confirm the
quality of the result. Record on data sheet.

System Operation:

1. Refer to “Auto Analyzer Operation Start-up Procedure”.
(I0P# LAAC-Section A).

[WCCONT-219] HARDAAC2-2



4.
5.

Analyze an initial calibration check standard, a blank, a CRDL standard and a
known reference standard at the beginning of each run. The blank must be below
the detection limit and standards must be within required control limits before any
samples are analyzed.

To spike samples mix equal volumes of sample and 400 mg/L standard (E) for a final
spike level of 200 mg/L.

The calibration check standard is 200 mg/L (D).
Refer to “Auto Analyzer Shut-down procedure”. (IOP# LAAC-Section B).

Quality Control:

1.

Establish a standard curve with the standards listed above. The derived
concentration of each standard must be + 10% of its true value. The derived
concentration of the blank must be less than the method detection limit.

The CRDL standard concentration should be the method detection limit (MDL).
Results must be within acceptable limits of + the MDL or the instrument must be
recalibrated before samples are analyzed.

A quality control calibration check standard of 200 mg/L (D) and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed
in the run are to be the calibration check standard and blank. Standards must be
within the acceptable ranges and blanks must be below method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates
are to be within acceptable ranges or data must be flagged appropriately.

~  Calculations:

1.

Calculate with Lachat QuikChem software, in the concentration mode, using the
IBM XT computer.
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Scope and Application:

AUTOANALYZER

Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection
References: Lachat Instruments, 1986.

Sample Handling: See separate SOP’s for requirements.

Reagents and Apparatus:

Lachat 3-channel autoanalyzer
Stock and standard ion solutions
Class A volumetric flasks
Class A volumetric pipets
Mil1i-Q water
Required interference filters
Disposable 4 mL cups
Automatic sampler
Proportioning pump
Injection module
Colorimeters
Manifolds
Columns - if needed
Helium gas

~ Computer
Printer

ot o fpd ek fnd e et
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Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the

printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.
b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4.
5.

10.
11.
12.

13.

14.

Insert correct filter.

Pump Mil11i-Q water through lines for 5 minutes by depressing the
pump ON button. Check for Teaks.

Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

Put lines into reagents and/or degassed Milli-Q water.

Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

Select appropriate method. Press <enter>.
Printer should be set at FONT 0.
Pump reagents until a steady baseline is achieved.

When using a method with a column (SO4 or NO3), the column may be
inserted at this point. See method SOP’s for more details.

For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

Adjust gain while injecting top standard.
a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press

cycle button so that LED light is green. This is the inject
position.

LAAC-2
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15.

16.

17.

18.

d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properlyladjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>,

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <anter>.

The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run-and all the check
standards are within QC ranges, recalibration for tHe next tray is
not necessary. Select appropriate option. Press <enter>.

Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

- go into the foreground (Press Alt, Esc keys)

- select "display calibration araph" (Press <enter>)
- review the data

- return to the background (Press Alt, Esc keys)

LAAC-3



- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?2" Press "Yes". Press Esc key to return to main menu.

If column is used, stop the pump and discomnect from manifold.
Pull lines from reagents into a wash beaker of D.I..

Pump D.I. through lines for 2-5 minutes.

Pump air through lines until manifold is dry.

Turn off pump.

~N O s W

Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off 'main switch on rear power strip.
9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.
C. Backing-up the Data Files
1. Exit to DOS
2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At (> Type: cd\ Press <enter>

7.

Turn off the red switch on the computer power strip to turn off the
computer, printer and screen. .

[C-AA-A]
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Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
imﬁortant statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.
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Problem:

Negative peak

1\

/__.

Reproduceable dip when valve

switches (before peak)

JU

Odd looking peaks

L

S\

Shifting baseline

Peak too early/late

\

B)

Reproduceable dip after peak

S\

11

L

Three basic areas of troubleshooting:
1.

Peak cut off in window

Small intermittent peaks

=

L)

19 =

12

w

1D

i

)

!\)

—

!\)

Cause:

Contaminated carrier

Bad or no SO4 column or sample
extremely high in hardness

Samples high in oxidizing agents

Bad color reagent
Could also be valve turning artifact caused
by a highly colored reagent

Index of refraction problem, matrix related
(usually acid or pH buffering)

Also method interferences: high hardness
on SO4 method, oxidizing sarnples on
nitrate method

Bad reagents

. Flow problem

Precipitate build-up on SOg4 marufold
tubing

Usually flow problem

Valve not set to an initial load position
state before starting run

Incorrect pump setting or other timing
problem

Reagents exceeded-reagents improperly
prepared
Standards incorrectly prepared

. Bad column

Milli-Q or reagents not degassed properly
or adequately

Waste line coil not installed (for the
methods which require it)

Fluidics (clogs, old pump tubing, crimp in manifold tubing)

2. Chemistry
3. Timing (not usually a problem afier initial devclopment)
BLH/rf
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Effective Date_ ' -29-90

AMMONIA NITROGEN

Scope and Application: This method is applicable to the determination of
ammonia-nitrogen in drinking water, surface water,
groundwater, sludges, soils, and industrial wastes.

Method: Micro-distillation, Colorimetric
Reference: EPA, 1983, Method 350.2

Detection Limit: 0.10 mg/L for aqueous samples
5.00 mg/kg for soils and sludges

Optimum Range: 0.10 - 2.00 mg/L for aqueous samples
5.00 - 100 mg/kg for soils and sludges

~ sample Handling: Acidify aqueous samples with concentrated sulfuric acid to

pH <2 and refrigerate at 49C. Refrigerate soils and sludges
at 49C. Analyze within 28 days of sampling.

Reagents and Apparatus:

Kjeldahl flasks, 100 mL

Keeney distillation apparatus
Spectrophotometer, set at 425nm with sipper cell
Erlenmeyer flasks, 50 mL

Sulfuric acid, concentrated

Milli-Q water

pH meter, 0.1 pH unit sensitivity
Volumetric glassware, Class A (pipets and flasks)
Top loading balance, 0.01g sensitivity
Graduated cylinders, 50 mL

11. Mixing cylinders, 50 mL

12. Ammonium chloride (NH4C1)

13. Boric acid (H3B03)

14. Mercuric iodide (Hgl»p)

15. Potassium iodide (Klg

16. Sodium hydroxide (NaOH)

17. Sodium tetraborate (NapB407-10H

18. Sodium thiosulfate (Na 03 5H28

19. Analytical balance, 80819 sensitivity
20. 150 mL beaker

21. Stir bars and stir plate

p—t
OWONOO W -

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated).

1. Ammonium chloride stock solution(1000 mg/L): In a 1 liter volumetric
flask, dissolve 3.819g NH4aCl in approximately 300 mL Milli-Q water and
bring to volume. Preserve with HpSO4 to a pH<2. Refrigerate.

[ INORGSOP]
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Ammonium chloride standard solution (10 mg/L): Dilute 10.0 mL of the
ammonium chloride stock solution to 1 liter with Mill1i-Q water in a
volumetric flask. Preserve with HpSO4 to a pH<Z. Prepare monthly.
Refrigerate.

Boric acid solution: Dissolve 20.0g H3BO3 in Mil11i-Q water and dilute
to 1 liter in a volumetric flask.

Nessler reagent: Dissolve 100g of mercuric iodide and 70g of potassium
iodide in about 200 mL of Mi11-Q water. Add this mixture slowly, while
stirring to a COOLED solution of 160g NaOH in 500 mL Milli-Q water.
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of
direct suniight. Refrigerate. NOTE: Commercially available.

Sodium hydroxide (IN): Dissolve 40g of NaOH in Milli-Q water and

dilute to 1 liter.
Sodium hydroxide (0.1N): Dilute 100 mL of IN NaOH to 1 liter with

Mi11i-Q water.

Sodium tetraborate solution (0.025M): Dissolve 9.5g of NazB407-10H70
or 5.0g anhydrous NazB407 in Milli-Q water and dilute to 1 liter.

Borate buffer: Add 88 mL of 0.1N NaOH solution to 500 mL of 0.025M
sodium tetraborate solution. Dilute to 1 liter with Mi11i-Q water.

Sodium thiosulfate (1/70N): Dissolve 3.5g NapSp03-5H20 in Milli-(Q
water and dilute to 1 liter. (1 mL of this solution will remove 1 mg/L
of residual chlorine in 500 mL of sample).

Residual chlorine must be removed prior to distillation by pretreating
the sample with sodium thiosulfate solution.

Pre-steam the distillation apparatus with 10% NaOH before use.

Cyanate and some volatile alkaline compounds may cause an off-color
nesslerization. This off-color can be eliminated by boiling the sample
at a Tow pH (pH 2-3) to drive off the compound. This should be done
prior to the distillation step.

Procedure: Sample must be homogenized prior to analysis to ensure a

representative sample aliquot.

Distillation:

1.

A1l glassware is to be soap and water washed, tap water rinsed, and
Mi11i-Q water rinsed prior to use.

[ INORGSOP]
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The reservoir should be 2/3 full with Milli-Q water. Add a few boiling

2.
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on
the heater. Set heater control to HIGH. Allow the steam reservoir to
heat up. This unit will take about 45 minutes to heat-up. Turn the
heater control to about a setting of 8 and bring to boiling. Analysis
can begin once boiling begins.

3. Prepare the distillation apparatus as follows: Steam out the
distillation apparatus with a 10% NaOH solution. Turn on water and
continue until 40 mL has been distilled.

4. Aqueous samples:

Place 50 mL or an aliquot of sample diluted to 50 mL in a 150 mL
beaker. Record the volume used. Add IN NaOH while stirring very
slowly until the pH is 9.5 +0.1 using pH meter.

Jo spike: Place 50 mL sample and 5 'mL of the 10 mg/L ammonia standard
into a beaker, adjust pH to 9.5 +0.1 and continue with procedure.
Final spike level is 1.0 mg/L.

Non-aqueous samples:

Place approximately 1.0g in a 150 mL beaker. Record weight used. Add
50 mL Mil1i-Q water and adjust the pH with IN NaOH, while stirring
slowly, to pH 9.5 +0.1 using pH meter.

To spike: Place 1.0g sample, 5 mL of the 10 mg/L ammonia standard in
the beaker. Add 50 mL Milli-Q water, adjust pH, and continue with
procedure.

5. Transfer the pH-adjusted sample to a 100 mL Kjeldahl flask. Add 2.5 mL
of borate buffer.

6. Add 5 mL of boric acid to a 50 mL Erlenmeyer flask and place flask at
the condenser outlet with the tip of the condenser immersed in the
boric acid.

7. Connect the Kjeldahl flask to the distillation apparatus and secure
with springs.

8. Close the stopcock on the condensation chamber. Close the drain
stopcock. The steam will now pass through the Kjeldahl flask.

9. Steam distil]l 30-40 mL at a rate of 4-5 mL/min.

10. Rinsi tip of condenser into erlenmeyer flask, remove the erlenmeyer
flask.
11. Rinse the tip of the condenser and steam outlet into a waste beaker.
[ INORGSOP]
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12. Continue distilling remaining samples, blanks and standards. When all
samples, blanks and standards are distilled, the colorimetric
determination can be performed.

Colorimetric Determination:

1. Prepare the following series of blanks and standards in 50 mL mixing

cylinders containing 5 mLs of boric acid solution (These do not need to

be taken through the distillation step).

mL of 10 mg/L

ammonium chloride Dilute - Concentration
solution to (mg/L}

0 50 mL BLANK

0.5 50 mL 0.10

1.0 50 mL 0.20

2.0 50 mL 0.40

5.0 50 mL 1.00
10.0 50 mL 2.00

2. Add 2.0 mL of Nessler reagent to the blank and standards. Stopper and
mix by inverting several times.

3. After 20 minutes, read the absorbances on the spectrophotometer set at
425nm using the sipper cell. Zero the spectrophotometer to the reagent
blank.

4. Transfer distilled samples to 50 mL mixing cylinders and dilute to
50 mL with Milli-Q water. Mix.

5. Determine the ammonia in the distillate as follows:

- Transfer 25 mL of distillate, or an aliquot diluted to
25 mL, to a mixing cylinder.

- Add 1 mL of Nessler reagent and mix by inverting several times.

- After 20 minutes, read the absorbance as described in Step 3.

Calculations:

1. Agqueous Samples:

d.

b.

[ INORGSOP]

Calculate using linear regression.

Multiply in any dilution factors performed in the distillation and
colorimetric steps to obtain the final result in mg/L.

NH3DTC-4
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2.

Non-Aqueous Samples:

a. Calculate using regression to obtain a mg/L value.

b. Multiply in any dilution factor performed in the colorimetric step
(mg/L). |

c. Multiply result obtained from "Step b" by 50 and divide by grams of
sample used to obtain the final result in mg/kg.

Quality Control:

1.

Establish a standard curve with the standards listed above plus a blank.
Record the absorbance check standards (1.00 mg/L) in the absorbance check
book. The absorbances should remain consistent from run to run. If not,
necessary troubleshooting must be performed before continuing (check
wavelength, spectrometer bulb, solutions, etc.).

A distilled blank, standard (1.00 mg/L), and known reference standard are
to be analyzed at the beginning of the analytical run. The standards

.must be within acceptable ranges and the blank less then the detection

1imit, or troubleshooting must be performed.

A quality control calibration standard of 1.00 mg/L and a blank are to be
analyzed, initially and after every 10 samples. This standard does not
need be carried through the distillation procedure. The last samples
analyzed in the run are to be the calibration standard and blank. These
standards must be within the acceptable ranges (+ 10% of the true value)
or the samples run after the last acceptable check standard are to be
reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges, or
data must be flagged appropriately.

[ INORGSOP]
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Effective Date: 5 ‘3 - 7}

TOTAL DISSOLVED SOLIDS

Scope and Application: This method is applicable to drinking water, surface water,

groundwater, and domestic and industrial wastewaters.

Method: Gravimetric, dried at 180°C.

Reference: EPA 1983, Method 160.1

Detection Limit: 10 mg/L (using a 100 mL sample volume)

Sample Handling: Refrigerate at 4°C and analyze sample within 7 days of sampling.

Reagents and Apparatus:

DN A WU

Notes:

Glass fiber filters, Whatman GF/C
Gelman filtration funnel and support
Suction flask, 1000 mL

Porcelain evaporating dishes
Volumetric pipet, 50 mL

Drying oven at 180°C £ 2°C
Desiccator

Analytical balance

Deionized water

Interferences: Samples with high concentrations of bicarbonate, Ca, Mg, Cl, and
SO4 will require prolonged drying, desiccation, and rapid weighing.

Total residue should be < 200 mg. Excessive residue ( >200 mg) is difficult to dry
thoroughly. Use a smaller volume if TDS is suspected to be high; likewise use a
larger volume if TDS is suspected low.

Groundwater samples which have already been filtered through a 0.45 micron
membrane filter do not need to be carried through the filtration step of the
procedure.

Procedure:

1.

All glassware is to be soap and water washed, tap rinsed and deionized rinsed prior
to analysis.

Evaporating Dish Preparation: If volatile dissolved solids are also to be analyzed,
grepare the evaporating dishes by ashing at 550 + 50°C for one hour in a muffle
urnace.

[WCCONT-705] : TDSC3-1
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Otherwise, heat the dishes at 180 + 2°C for one hour. Cool in desiccator. Weigh.
Record the weight. The dishes must be cool before being weighed (about one hour).
Repeat this cycle until a constant weight is obtained (+ 0.5 mg).

Filter Preparation: Place the glass fiber filter on the filtration support, place the
funnel on top, and wash the filter with three 20 mL portions of deionized water
while vacuum is applied. Discard the washings. The filters may be prepared ahead
of time. If this is the case, dry them for 1 hour at 103 - 105°C and store in the
desiccator until needed.

4. Assemble the filtering apparatus, place a prepared filter on the support and begin
suction. Shake the sample and measure out 100 mL in graduated cylinder.
5. Pour sample into filtering apparatus. Apply vacuum until all the sample has been
filtered.
6. Pipet 50 mL of filtered sample (less, if the sample is expected to have a high
dissolved solids content) into a prepared evaporating dish.
7. Evaporate the sample to dryness in the oven at 180 + 2°C. Cool in a desiccator for at
least one hour and weigh. Repeat the drying cycle until the weight loss is < 0.5 mg.
Quality Control: |
1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, a duplicate is
still required. Duplicates are to be within acceptable ranges, or data must be flagged
appropriately.
2. Ablank must be analyzed with every set of samples. (This is a check on
contamination, cleanliness of dishes, oven, pipettes, etc.)
3.  An EPA or ERA reference standard must be analyzed at the beginning of each
analytical run.
Calculations:

TDS, mg/L = (A-B) x 1000000
C

Where A = weight of dish plus residue (g)

B = weight of dish (g)
C = volume of filtered sample used (mL)

[WCCONT-705] TDSC3-2
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Effective: S-/4 9/

CHLORIDE - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater and wastewater.

Reference: EPA 1983, Method 325.2
Lachat Instruments 1987, Method 10-117-07-1-B

Detection Limit: 2 mg/L.

Optimum Range: 2 - 100 mg/L

Sample Handling: Refrigerate at 4°C and analyze within 28 days of collection.

Instrument Conditions:

Pump speed: 35

Cycle period: 30 seconds

Load period: 8 seconds

Inject period: 15 seconds

Inject to start of peak period: 8 seconds
Inject to end of peak period: 31 seconds
Gain: 200

Zero: 250

. Interference filter: 480 nm

0. Sample loop: 20 cm

1. Standards for curve set-up: -0, 10, 20, 50, 80, and 100 mg/L

HREOONNNAEWN &

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water - 2 options:
a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water
(15 min/20 L.) Store in cubitainer.

2. Stock chloride standard (1000 mg/L): Dry 2 g of primary grade sodium chloride
(Na(Cl) at 140°C overnight. In a 1 liter volumetric flask, dissolve 1.648 g of dried

primary grade sodium chloride (NaCl) in 500 mL D.I. water. Dilute to the mark and
invert to mix. Refrigerate.

3. Standards: (Prepare fresh every month). Dilute to volume using D.I. water.
Refrigerate.
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Concentration Letter Yolume of Dilute

of Standard Identifier Chloride Stock (ml) to
0 mg/L A 0 200 mL
10 mg/L B 2.0 200 mL
20 mg/L C 4.0 200 mL
50 mg/L D 25 500 mL
80 mg/L E 40 500 mL
100 mg/L F 20 200 mL
CRDL 2 mg/LL 2.0 1000 mL

Note: Computer refers to standards by letter. Final volumes are not the same!

4. Stock mercuric thiocyanate reagent: In a 1 liter volumetric flask, dissolve 4.17 g of
mercuric thiocyanate (Hg(SCN)7) in one liter of methanol. Invert to mix. Store in
amber glass. Refrigerate.

Caution: Mercury is a very toxic metal. Wear gloves! N

5. Stock ferric nitrate reagent (05M): In a 1 liter volumetric flask, dissolve 202.0 g of
ferric nitrate (Fe(NO3)3) - 9H2O in approximately 800 mL of deionized water. Add
25 mL of concentrated nitric acid and dilute to one liter. Invert to mix. Refrigerate.

6. Combined color reagent: Mix 150 mL of stock mercuric thiocyanate solution with
150 mL of stock ferric nitrate reagent and dilute to 1000 mL with deionized water.
Vacuum filter through a 0.45 micron membrane filter. Store at room temperature.
Do Not Refrigerate.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum working
range.

2. The gain and zero settings are guidelines and must be optimized each day.

_UJ

The chloride standards may be combined with alkalinity and sulfate standards for
use with the 3 channel method.

4. Any sample with turbidity must be filtered prior to analysis. (Use Whatman #1 or
#4 filter paper.) Record on data sheet.

5. Color is an interference, dilute the sample and also spxke the dilution to confirm the
quality of the result. Record on the data sheet.

[WCCONT-212] CLAAC2-2



N

System Operation:

1.

4,
5.

Refer to “Auto Analyzer Operation start-up procedure.” (IOP# LAAC
Section A).

Analyze an initial calibration check standard, a blank, a CRDL standard and a
known reference standard at the beginning of ‘each run. The blank must be below

the detection limit and the standards must be within required control limits before
any samples are analyzed.

To spike samples, mix equal volumes of sample and 80 mg/L Cl standard (E) for a
final spike level of 40 mg/L CL

The calibration check standard is 50 mg)L (D).
Refer to “Auto Analyzer shut-down procedure”. (I0P# LAA-Section B).

Quality Control:

1.

1.

Establish a standard curve with the standard.s listed above. Note that the calibration
curve is calculated in a “piece-wise” fashion and is not linear. Be sure that
calibration points describe a smooth curve.

The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of + the MDL or the instrument must be
re-calibrated before samples are analyzed.

A quality control calibration standard of 50.0 mg/L and a blank are to be analyzed, at
a minimum, after every 10 samples. If less than 10 samples are analyzed, a
calibration standard and blank are still required. The last samples analyzed in the
run are to be the calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check standard are to
be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates
are to be within acceptable ranges or data must be flagged appropriately.

Calculation:

Calculate with Lachat QuikChem software, in the concentration mode, using the
IBM XT computer. See LAA SOP for further detail.
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AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection
References: Lachat Instruments, 1986.

Sample Handling: See separate SOP’s for requirements.

Reagents and Apparatus:

Lachat 3-channel autoanalyzer
Stock and standard ion solutions
Class A volumetric flasks
Class A volumetric pipets
Mi1li-Q water

Required interference filters
Disposable 4 mL cups
Automatic sampler
Proportioning pump

Injection module

Colorimeters

Manifolds

Columns - if needed

Helium gas

Computer

Printer

bt bt b bk i pd s
NN O PO~ U SR W R
3 - . . » . - . . 3 . . . . . 3

Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computér
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.
b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4, Insert correct filter.

5. Pump Milli-Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.

8. Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

9. Select appropriate method. Press <enter>.
10. Printer should be set at FONT 0.
11. Pump reagents until a steady baseline is achieved.

12. When using a method with a column (SO4 or NO3), the column may be
inserted at this point. See method SOP’s for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.
a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED 1ight is red. This is the 'load position.

c.. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.

[C-AA-A]
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15.

16.

17.

18.

d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID’s". Press <enter>. ~—

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

- go into the foreground (Press Alt, Esc keys)

- select "display calibration graph" (Press <enter>)
- review the data

- return to the backgrouﬁd (Press Alt, Esc keys)

LAAC-3



- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

If column is used, stop the pump and disconnect from manifold.
Pull lines from reagents into a wash beaker of D.I..

Pump D.I. through lines for 2-5 minutes.

Pump air through lines until manifold is dry.

Turn off pump.

~N O U s W™

Reéease tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.
9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section () .

11. Turn off the computer and printer.

C. Backing-up the Data Files

1. Exit to DOS
2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: «cd\ Press <enter>

7. Turn off the red switch on the computer power strip to turn off the
computer, printer and screen.

[C-AA-A]
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Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.
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Problem: Cause:

Contaminated carrier

Bad or no SO4 column or sample
extremely high in hardness

Samples high in oxidizing agents

Negative peak

B

W

[\ /7]

Reproduceable dip when valve 1. Bad color reagent
switches (before peak) Could also be valve turning artifact caused
by a highly colored reagent

S

Odd looking peaks 1. Index of refraction problem, matrix related
(usually acid or pH buffering)

. Also method interferences: high hardness

on SO4 method, oxidizing samples on

nitrate method

Bad reagents

-

(93]

AN gy

Shifting baseline Flow problem -

. Precipitate build-up on SO4 manifold
‘//\_‘ tubing _

10—

Peak too early/late 1. Usually flow problem
2. Valve not set to an initial load position
state before starting run
, 3. Incorrect pump setting or other timing
problem
Peak cut off in window 1. Reagents exceeded-reagents improperly
prepared
ﬂ 2. Standards incorrectly prepared
Reproduceable dip after peak 1. Bad column
Small intermittent peaks 1. Milli-Q or reagents not degassed properly
or adequately
2. Waste line coil not installed (for the
methods which require it)
J S|

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)

2. Chemistry
3. Timing (not usually a problem after initial devclopment)
BLH/df

[If-genpol-604]
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Effective: S-23-91

SULFATE - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,

groundwater and wastewater.

Reference: EPA 1989, Method 375.2

Lachat Instruments 1989, Method 10-116-10-2-B

Detection Limit 10 mg/L.

Optimum Range: 10 - 200 mg/L

Sample Handling: Refrigerate at 4°C and analyze within 28 days of collection.

Instrument Conditions:

R0 00 NV B W

0.
1.

Pump speed: 35 seconds

Load period: 10 seconds

Inject period: 30 seconds

Inject to start of peak period: 10 seconds
Inject to end of peak period: 56 seconds
Cycle period: 50 seconds

Gain: 700

Zero: 200

Interference filter: 460 nm

Sample loop: 10 cm

Standards for curve set-up: 0, 25, 50, 100, 150, 200 mg/L.

Reggeﬁt Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1.

Degassing with helium - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.
b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water
(15 min/20 L.) Store in cubitainer.

Carrier (03 ppm SO4): In a 1 liter volumetric flask, add 0.3 mL of 1000 ppm stock
sulfate solution and dilute to mark with degassed Milli-Q water.

Barium chloride solution (6.24mM): In a 1 liter volumetric flask, dissolve 1.526 g of
barium chloride dihydrate (BaCly-2H20) in 500 mL of Milli-Q water and dilute to 1
liter.

Hydrochloric acid (LON): In a 100 mL volumetric flask, containing approximately
80 mL of Milli-Q water, add 8.3 mL of concentrated hydrochloric acid and dilute to
the mark with Milli-Q water.

Barium - MTB color reagent: (The purity of the methylthymol blue and the alcohol
can be critical. Use the sources stated below).
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In a dry 1000 mL volumetric flask, place 0.2364* g of methylthymol blue (3’, 3” bis-N,
N-bis carboxymethyl)-amino methylthymolsulfon -ephthalein pentasodium salt
(Kodak No. 8068). Add 50 mL of barium chloride solution (“3” above). The
solution may be used to aid in the transfer of the dye. Swirl to dissolve. Add 8.0 mL
of the 1.0N HCL solution (“4” above) and mix - solution may turn orange. Add

142 mL deionized water and dilute to 1000 mL with ethanol (Aldrich 24511, 9) Mix.
The pH of this solution should be 2.5. Prepare this solution the day before use and
store it refrigerated in an amber bottle.

* Strength of reagent varies with lot number. The optimum weight of reagent used
must be determined specifically for each new lot of MTB to maintenance consistent
method sensitivity. This weight is determined by Lachat and supplied with each batch
purchased.

6. Sodium hydroxide (50% stock solution): Cautiously dissolve 500 g of sodium
hydroxide (NaOH) in 600 mL of Milli-Q water. Cool and dilute to 1 liter. Store in
plastic bottle. Caution: The solution will become very hot!

7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 14.4 mL of 50% sodium
hydroxide (“6” above) to degassed Milli-Q water, and dilute to the mark.

8. Buffered EDTA (for cleaning manifold): In a 1 liter volumetric flask, dissolve 6.75 g
ammonium chloride (NH4Cl) in 500 mL DI water. Add 57 mL concentrated
ammonium hydroxide and 40.0 g tetrasodium EDTA dihydrate. Dissolve by swirling;
dilute to the mark with DI water.

9.  Sulfate stock 1000 mg/L): Dry approximately 2 g of sodium sulfate (Na2SOy) at
105°C for 2 hours. Cool in a desiccator. In a 1 liter volumetric flask, dissolve 1.479 g
of the dried sodium sulfate in Milli-Q water and dilute to 1 liter. (1.0 mL = 1.0 mg
SO4).

10. Working standard: (Prepare fresh every month). Dilute to volume using degassed
Milli-Q water. Refrigerate.

Concentration Letter Volume of Dilute
of Standard Identifier Sulfate Standard to

0 mg/L A 0 200 mL
25 mg/L B 5.0 200 mL
50 mg/L C 10 200 mL
100 mg/L D 50 S00 mL
150 mg/L E 75 500 mL
200 mg/L F 40 200 mL
CRDL 10 mg/L 2.0 200 mL

Note: Final volumes are not the same! Computer refers to standards by letter.
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Preparation of Ion Exchange Column:

1.

N

Notes:

Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ion exchange resin in
Milli-Q water.

Remove one column end from the glass column. Fill the column with water, then
aspirate the slurry or allow it to settle by gravity to pack the column. Take care to
avoid trapping air bubbles in the column and its fittings at this point and all
subsequent operations.

After the resin has settled, replace the end fitting. To ensure a good seal, remove any
resin particles from the threads of the glass, the column end and the end fittings. To
store the column, the ends of the Teflon tubing may be joined with a union.

To test the effectiveness of the column, make up a standard of pure sodium sulfate
and compare its peak height to an identical standard with hardness typical of the
samples added. If the column is being depleted, the standard with hardness will read
lower because the divalent cations are complexing the free MTB. The concentration
of the standard should be mid-range. If depletion has occurred, repack the column
with fresh resin.

Regenerating Resin: Batch regeneration is recommended because the hydrogen form
of BioRex 70 can swell considerable more than the sodium form. Collect the used
resin in a small beaker or flask. Wash with dilute HCL until the wash tests free of
calcium and/or magnesium. This procedure removes the divalent cations by
converting the carboxylate exchange group to the protonated form - COOH. Convert
the resin back to the sodium form by neutralizing with washes of 0.5M NaOH until
the wash has a pH of 9 or greater. Rinse with deionized water for storage or
repacking. A column may be used for 3-4 trays (approximately 150 samples) before it
needs to be replaced.

Samples must be diluted to obtain concentrations within the optimum working range.

Sulfate standards may be combined with alkalinity and chloride standards for use with
the 3-channel method.

The gain and zero settings are guidelines and must be optimized each day.

All coils (including waste coil) must be changed at least once each quarter to prevent
build-up in lines.

Interferences:

«  The cation exchange column removes multivalent cations. Run a mid-range
sulfate standard containing a typical concentration of CaCO3 periodically to
check performance. Any decrease in peak height should indicate the need to
regenerate or replace the resin. (At 600 ppm CaCO3, the column is good for 80
+ injections.)
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- Samples with pH <2 should be neutralized. High acid concentrations can
displace multivalent cations from the column.

«  Color will interfere. Dilute the sample and also spike the dilution to confirm the
quality of the result. Record on the data sheet.

- Turbidity - turbid samples may be filtered (use Whatman #1 or #4 filter paper)
prior to analysis on Lachat.

- Orthophosphate also forms a precipitate with barium at high pH. Check the
response of pure orthophosphate standards, if samples are known to be high in
phosphate.

5. Troubleshooting: Baseline noise with reagents pumping.
a. Noise with column in line but good baseline without column.
- Repack éolumn, air bubbles may be causing pulsing.

- Check flow fit connectors and end fittings on column for blockage or leaks.
~r
b. Noise with and without column in line.

- Degas carrier and/or reagents. Fine bubbles cause sharp spikes on baseline.

- Place a longer piece of manifold tubing on the outlet of the flow cell leading
to the waste container. This method requires the use of the screw type flow
cell.

+  Replace the pump tubes. The silicone tube, used for the color reagent, wears
faster than the PVC pump tubes.

- With water pumping in the lines, check all hydraulic connections for
blockages, leaks, etc.

Baseline drift:

1. Clean the manifold with the buffered EDTA.

2. Turn the gain high and use the shortest sample loop possible. This improves the
linearity of the calibration curve, prolongs the useful life of the column, and
minimizes the build up of BaSO4 on the manifold tubing.

System Operation:

1. Refer to “Auto Analyzer Operation start-up procedure.”
(SOP# LAAC-Section A).
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Pump reagents through the lines before inserting the column. Use a short piece of
manifold tubing in place of the column. When all air has passed and the baseline is
steady, turn off the pump and insert the column. The column should be placed in a
vertical position with flow in the top and out the bottom. In this configuration, the
column will operate effectively even if the resin packs down more to leave a gap at the
top. Resume pumping.

Analyze an initial calibration check standard, a blank, a CRDL standard and a known
reference at the beginning of each run. The blank must be less than the detection
limit and the standards must be within required control limits before any samples are
analyzed.

To spike: Mix equal volumes of sample and 150 mg/L standard (E) for a final spike
level of 75 mg/L.

The calibration check standard is 100 mg/L (D).
To shut down, turn off pump and remove the column.
To remove the column:

Turn off the pump.

Remove the column.

Join ends of the column with a union.

Replace the column on the manifold with the short teflon tubing piece.
Rinse manifold with Milli-Q water.

Rinse manifold with EDTA cleaning solution. -

Continue with “Auto Analyzer Shut-down procedures”

(SOP # LAAC-Section B).

RO o

Quality Control:

1.

Establish a standard curve with the standards listed above. Note that the calibration
curve is calculated in a “piece-wise” fashion and is not linear. Be sure that
calibration points describe smooth curve. If not, necessary troubleshooting must be
performed before continuing (check reagents, pump tubing, valves, etc.).

The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of + the MDL or the instrument must be
recalibrated before samples are analyzed.

A quality control calibration check standard of 100 mg/L and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. Standards must be within
the acceptable ranges and blanks must be below the method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.
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4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculation:

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM
XT computer. See LAAC SOP for further detail.
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AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection

Method:

autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Flow injection

References: Lachat Instruments, 1986.

Sample Handling: See separate SOP’s for requirements.

Reagents and Apparatus:
1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 mL cups
8. Automatic sampler
9. Proportioning pump
10. Injection module
11. Colorimeters
12. Manifolds
13.  Columns - if needed
14. Helium gas
15. Computer
16. Printer
Procedure:
A. Instrument Set-Up
1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.
2. Depress red power switch on rear power strip on Lachat system.
3. Select manifold and make appropriate hydraulic connections.
Hydraulic connections:
[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.
b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4.
5.

10.
11.
12.

13.

14.

Insert correct filter.

Pump Mil11i-Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

Put Tines into reagents and/or degassed Mill1i-Q water.

Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

Select appropriate method. Press <enter>.
Printer should be set at FONT O.
Pump reagents until a steady baseline is achieved.

When using a method with a column (SO4 or NO3), the column may be
inserted at this point. See method SOP’s for more details.

For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

Adjust gain while injecting top standard.
a. Place autosamp]ér probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press

cycle button so that LED Tight is green. This is the inject
position.
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15.

16.

17.

18.

d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

Select menu item by going into foreground. (Press:and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

Put tray with samples in appropriate cup Tocations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

- go into the foreground (Press Alt, Esc keys)

- select "display calibration graph" (Press <enter>)
- review the data

- return to the background (Press Alt, Esc keys)
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- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

If column is used, stop the pump and disconnect from manifoid.
Pull lines from reagents into a wash beaker of D.I..

Pump D.I. through lines for 2-5 minutes.

Pump air through lines until manifold is dry.

Turn off pump.

~N Oy O e W™

Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.
9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.
C. Backing-up the Data Files
1.  Exit to DOS
2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.
4. At C> Type: del *.* Press <enter>
5. Are you sure (Y/N)? Type: Y Press <enter>
6. At C> Type: cd\ Press <enter>
7. Turn off the red switch on the computer power strip to turn off the

computer, printer and screen.

[C-AA-A]
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Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.
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Problem:

Negative peak

—

Reproduceable dip when valve
switches (before peak)

Odd looking peaks

o~ LA

et

Shifting baseline

L

Peak too early/late

\ /!

Peak cut off in window

U

Reproduceable dip after peak

JL

Small intermittent peaks

)

Three basic areas of troubleshooting:

D=

[9)]

N

!\)

(3

D=

o=

(97

1o

ey

Cause:

Contaminated carrier

Bad or no SO4 column or sample
extremely high in hardness

Samples high in oxidizing agents

Bad color reagent

Could also be valve turning artifact caused
by a highly colored reagent

Index of refraction problem, matrix related
(usually acid or pH buffering)

Also method interferences: high hardness
on SO4 method, oxidizing samples on
nitrate method

Bad reagents

Flow problem

Precipitate build-up on SO4 manifold
tubing

Usually flow problem

Valve not set to an initial load position
state before starting run

Incorrect pump setting or other timing
problem

Reagents exceeded-reagents improperly
prepared
Standards incorrectly prepared

Bad column

Milli-Q or reagents not degassed properly
or adequately

Waste line coil not installed (for the
methods which require it)

1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)

2. Chemistry

3. Timing (not usually a problem after initial development)

BLH/rff
(rff-genpol-604]
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-

Effective: D - 23 A |

NITRATE + NITRITE, NITROGEN - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater, and wastewater.

Reference: EPA 1983, Method 353.2
Lachat Instruments, 1989 Method 10-107-04-1-C

Detection Limit: 0.02 mg/L

Optimum Range: 0.02 - 2.00 mg/L NO3+NO72-N

Sample Handling: Preserve with sulfuric acid to pH <2 and refrigerate at 4°C. Analyze

within 14 days. Alternatively, unpreserved samples, kept at 4°C can be

analyzed within 48 hours of sampling.

Instrument Conditions:

Pump speed: 35

Cycle period: 50 seconds

Load period: 20 seconds

Inject period: 20 seconds

Inject to start of peak period: 22 seconds
Inject to end of peak period: 68 seconds
Gain: 450

Zero: 400

Interface filter: 520 nm

Sample loop: 17 cm

. Standards for curve set-up: 0, 0.20, 0.50, 1.00, 2.00 mg/L
Column: cadmium reduction

WO B W=

ek
O

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water (2 options):

a. Boil Milli-Q water vigorously for S minutes. Cool and store in a cubitainer, or

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water.

Store in cubitainer. (15 min/20 L)

2. Stock nitrate standard (100 mg/L NO3): In a 1 liter volumetric flask, dissolve 0.7218

potassium nitrate (KNO3) in about 600 mL of Milli-Q water. Add 2 mL of

concentrated H3SOy as a preservative. Dilute to the mark. Store in a dark glass

bottle. Refrigerate.

3. Working stock nitrate standard (10 mg/L NO3): Add 50 mLs D.I. water to a 100 mL
volumetric flask. Add 0.2 mLs concentrated H)SO4 and pipet 10.0 mL of the stock
nitrate standard. Dilute to the mark with DI water. Prepare fresh every 2 weeks.

Refrigerate.

[WCCONT-230] NO2 +NO3AAC2-1



4. Standards: (Prepare fresh every 2 weeks.) Preserve with 0.2 mL H3SO4. Dilute to
volume with D.I. water. Refrigerate.

Concentration Letter Volume of Dilute
of Standard Identifier NOj Standard to
0 mg/L A 0 100 mL
0.20 mg/L B 2.0 100 mL
0.50 mg/L C 5.0 100 mL
1.00 mg/L D 10 100 mL
2.00 mg/L E 20 100 mL
CRDL 0.02 mg/L 2.0 1000 mL

Note: Computer refers to standards by letter.

5. Sodium hydroxide (15M): To 250 mL of D.I. water, add 150.0g NaOH. Slowly! This
solution will get very HOT! Swirl to dissolve. Store in a plastic bottle.

6. Ammonium chloride buffer solution: In a 1 liter volumetric flask, dissolve 85.0g of
ammonium chloride (NH4C1)* and 1.0g of disodium ethylenediamine tetracetate
dihydrate (EDTA) in approximately 800 mL D.I. water. Adjust the pH to 8.5 with
15M NaOH (approximately 8 mL). Dilute to the mark and filter through a 0.45 um
filter.

—

* See Notes #5.

7. Sulfanilamide color reagent: In a 1 liter volumetric flask, add approximately 800 mL
of Milli-Q water. Then add 100 mL concentrated phosphoric acid (H3PO4). Add
40.0g sulfanilamide and dissolve completely. Dissolve 1.0g
N-1-naphthlethylenediamine dihydrochloride (NED) and dilute to one liter. Store in
dark bottle at 4°C. Stable for 2 months when refrigerated.

8. Column Preparation:

a. Cadmium preparation: Place 10-20g of coarse cadmium powder (granules) in a
250 mL beaker and wash with 50 mL of acetone, then distilled water, then two 50 —
mL portions of 1 M hydrochloric acid (8 mL concentrated hydrochloric acid plus
92 mL deionized water). Then rinse thoroughly with deionized water. If using
cadmium for second time, rinse with 1 M hydrochloric acid before beginning
process. CAUTION: Collect and store all waste cadmium. Wear gloves!

b. Copperization: Prepare a 2% copper sulfate solution (20g of CuSQ4-5H70) per
liter of deionized water) and add a 100 mL portion to the cadmium prepared in
”a” above. Swirl gently for about 5 minutes, then decant the liquid and repeat
with a fresh 100 mL portion of 2% copper sulfate. Continue this process until
colloidal copper is visible in the supernatant (a red-brown precipitate) and
solution remains blue in color. Rinse with D.I. water until all colloidal copper is
removed from the supernatant. Wash once with ammonium chloride buffer.
The cadmium should be black or dark gray. The cadmium granules may be
stored in a stoppered bottle in ammonium chloride buffer.

[WCCONT-230} NO, + NO3AAC2-2



Notes:

Packing the column (wear gloves!): Place a small piece of polyurethane foam (or
glass wool) loosely in the end of the glass tube. Insert the plugged end of the
glass tube into the column end fitting. Cut a length of 0.032” id teflon tubing 3 to
4 inches longer than the column.

Insert the teflon tube in the end fitting and fill the whole tube with water, holding
the flexible tube in a U-shape so that the ends are level. Place the second end
fitting on the other end of the teflon tubing. (Placing a small funnel onto the end
fitting may aid filling.) Taking care that no air bubbles are introduced, place the
copperized cadmium granules in the column. Tap the column gently, every 1-2
cm, to pack the granules. When the column is packed to within about S mm of
the end of the glass column, insert another foam plug, then the column end
fitting. Store the column with the ends connected with a length of teflon tubing,
as air pockets or having the column dry out will necessitate repacking. If air
remains in the column, connect the column to the manifold and turn the pump
on maximum. Tap column firmly until all air is removed.

Column activation: The column must be activated before use or it will not
reduce nitrate. This may be accomplished by pumping the 10 mg/L nitrate
standard through the sample line. When the solution is injected, a brilliant pink
color will be visible in the coil. The cadmium column efficiency should be above
80%, if less, the column must be repacked.

To check column efficiency, standardize with nitrite standards and then analyze
all nitrate standards. The recovery of the nitrate standards should be consistent
at all standard concentrations.

1. Interferences:

Build up of suspended matter in the reduction column will restrict sample flow.
Since nitrate-nitrogen is found in a soluble state, the sample must be pre-filtered.

Low results might be obtained for samples that contain high concentrations of
iron, copper or other metals. EDTA is added to the samples to eliminate these
interferences.

Samples that contain large concentrations of oil and grease will coat the surface
of the column. This interference is eliminated by pre-extracting the sample with
an organic solvent.

2. Samples must be diluted to obtain concentrations within the optimum working range.

3. The

gain and zero settings are guidelines and must be optimized each day.

4. Color will interfere: dilute the sample and also spike the dilution to confirm the
quality of the result. Record on data sheet. -

[WCCONT-230]
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5. ACS grade ammonium chloride has been found occasionally to contain significant
nitrate contamination, so an alternative preparation for the ammonium chloride
buffer (Reagent #6) is as follows:

In the hood, add 126 mL concentrated HCl to a 1 liter volumetric flask containing 500
mL degassed Milli-Q water. Mix. Add 95 mL ammonium hydroxide and 1.0 gm
disodium EDTA. Dissolve and dilute to the mark. The pH should be 8.5 + 0.1, adjust
pH if necessary.

System Operation:

1. Refer to Auto Analyzer Operation - Start-up Procedure (I0P# LAAC-Section A).

2. After pumping reagents through the lines, turn off the pump and insert column,
making sure that air bubbles are not introduced into the column.

3. Activate column if necessary. (See #8d. above:)

4. Analyze an initial calibration check standard, a blank, a CRDL standard and a known
reference standard at the beginning of each run. The blank must be below the
detection limit and standards must be within required control limits before any
samples are analyzed.

5. To spike samples, mix equal volumes of sample and 1.00 mg/L standard (D) for a final
spike level of 0.50 mg/L.

6. The calibration check standard is 1.00 mg/L NO3 (D).

7. If only nitrate is requested, nitrites must be analyzed and subtracted from the nitrate
+ nitrite value.

8. After use, turn off the pump and remove the column from the manifold.

9. Refer to Auto-Analyzer Shut-down Procedure. (IO0P# LAAC-Section B.)

Quality Control:

1. Establish a standard curve with the standards listed above. The derived
concentrations for each calibration standard must be within 10% of the true value.
The derived value for the blank must be below the method detection limit.

2. The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of + the MDL of the instrument must be
recalibrated before samples are analyzed.

3. A quality control calibration check standard of 1.00 mg/L (D) and a blank are to be

analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. Standards must be within
the acceptable ranges and blanks must be below the method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.

[WCCONT-230] NO2 + NO3AAC2-4



4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculation:

1. Calculate with Lachat Quikchem software, in the concentration mode, using the IBM
XT computer.

[WCCONT-230] NO; +NO3AAC2-5



Scope and Application:

AUTOANALYZER

Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection
References: Lachat Instruments, 1986.

Sample Handling: See separate SOP’s for requirements.

Reagents and Apparatus:

1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 mL cups
‘8. Automatic sampler
8. Proportioning pump
10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. Helium gas
15.  Computer
16. Printer
Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the

printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
LAAC-1



a. Use correct sample loop length to connect. Lines 1, 4.
b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4, Insert correct filter.

5. Pump Milli-Q water through lines for 5 minutes by depressing the
pump ON button. Check for Teaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.

8. Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

9. Select appropriate method. Press <enter>.
10. Printer should be set at FONT 0.
11. Pump reagents until a steady baseline is achieved.

12. When using a method with a column (SO4 or NO3), the column may be
inserted at this point. See method SOP’s for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.
a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED 1ight is red. This is the load position.

c. After 25 seconds {or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.

[C-AA-A]
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15.

16.

17.

18.

d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampier.

Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID’s". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so}.
Select "Start Analysis." Press <enter>.

The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

“Press Alt, Esc keys together, to get back to background to view the

calibration peaks.

After calibration is complete:

- go into the foreground (Press Alt, Esc keys)

- select "display calibration graph” (Press <enter>)
- review the data

- return to the background (Press Alt, Esc keys)

LAAC-3



- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

If column is used, stop the pump and disconnect from manifold.
Pull lines from reagents into a wash beaker of D.I..

Pump D.I. through lines for 2-5 minutes.

Pump air through lines until manifold is dry.

Turn off pump.

~N Oy o AW

Release tubing cartridges and lower tension levers. Release
tubing.

o

Turn off main switch on rear power strip.
9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section ()

11. Turn off the computer and printer.
C. Backing-up the Data Files
1. Exit to DOS
2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: cd\ Press <enter>

7. Turn off the red switch on the computer power strip to turn off the
computer, printer and screen.

[C-AA-A]
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Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.

LAAC-5



| prnd
L
- 4
T
.
P |
- 4
(]
v b
r—p
[ g S
» 3
- -8 %
v
.‘! » O
- —
r E.
.
-
»
...

Lol |
”~”e
Dl
- ~—
" —
- -——
T, -
—
- L e
. S AT
. ot vy
- —_— 4
- "
- =
" - 1=
. e
- -z~
- - T
- .::-'
.
- PN BN
- " Te —
- = | Sy
- - "_: yle
- [
- s
- [ oot ]
[ _ )
‘Ro=
- v [ B J LA Bt St St hintid Sebanl el St snasnt bl Sead -
. Tus [ etate vy e e
L) [ ey vea -~ ]
= Rt -z .z Lt -
(A
et e
e =
[l W )
e e
KAy oo =
L et} | e
YR St}
l;‘ L] [ e SR |
P} 4 | ey o
| e [ gt wag PSRN ()
LR | i1 Pl
e ] —rs e g—g TN ey
—t s 3B W» 208
AN [ JCH et}

t1nua,

N

u



Problem: Cause:

Negative peak 1. Contaminated carrier

Bad or no SO4 column or sample
extremely high in hardness

Samples high in oxidizing agents

(&

(93]

Y /]

Reproduceable dip when valve 1. Bad color reagent
switches (before peak) Could also be valve turning artifact caused

by a highly colored reagent

Odd looking peaks 1. Index of refraction problem, matrix related

o

. Also method interferences: high hardness
on SO4 method, oxidizing samples on
nitrate method

Bad reagents

-

L)

(usually acid or pH buffering)
L

Shifting baseline 1. Flow problem N
2. Precipitate build-up on SO4 manifold
tubing

Peak too early/late * 1. Usually flow problem
2. Valve not set to an initial Joad position
state before starting run
3. Incorrect pump setting or other timing
problem
Peak cut off in window 1. Reagents exceeded-reagents improperly
prepared
_ﬂ— 2. Standards incorrectly prepared
Reproduceable dip after peak 1. Bad column
Small intermittent peaks 1. Milli-Q or reagents not degassed properly
or adequately
2. Waste line coil not installed (for the
methods which require it)
1 L

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manilold tubing)
2. Chemistry o
3. Timing (not usually a problem after initial development)

BLH/df
[cif-genpol-604]
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Effective: g«Q’S«C\\

NITRITE, NITROGEN - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater and wastewater.

Reference: EPA 1983, Method 353.2
Lachat Instruments, 1989 Method 10-107-04-1-C

Detection Limit  0.02 mg/L

Optimum Range: 0.02 - 2.00 mg/L NO2-N.

Sample Handling: Analyze within 48 hours of collection.

Instrument Conditions:

Pump speed: 35

Cycle period: 40 seconds

Load period: 20 seconds

Inject period: 20 seconds

Inject to start of peak period: 15 seconds
Inject to end of peak period: 51 seconds
Gain: 300

Zero: 400

. Interference filter: 520 nm

0. Sample loop: 17 cm

1. Standards for curve set-up: 0, 0.20, 0.50, 1.00, 2.00 mg/L.

2000 NN A W

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated).

1. Degassed Milli-Q water (2 options):

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in a cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water.

Store in a cubitainer. (15 min/20 L).

2. Stock nitrite standard (100 mg/L NO2-N): In a liter volumetric flask, dissolve 0.4926
sodium nitrite (NaNO27) or 0.607g of potassium nitrite (KNO») in about 600 mL of
Milli-Q water. Add 2 mL of chloroform, as a preservative. Dilute to the mark. Store

in refrigerator.

3. Working stock nitrite standard (10 mg/L NO3-N): In a 100 mL volumetric flask,
pipet 10.0 mL of the stock nitrite standard and dilute to the mark with Milli-Q water.

Standard is good for 2 days when refrigerated, otherwise prepare fresh daily.

4. Standards: (Prepare fresh daily). Dilute to volume with Milli-Q water.

[WCCONT-231] NOAAC2-1



CRDL

Notes:

Concentration Letter Volume of 10 mg/L Dilute

of Standard Identifier NO; Standard (ml) to
0.00 mg/L A 0 100 mL
0.20 mg/L B 2.0 100 mL
0.50 mg/L C 5.0 100 mL
1.00 mg/L D 10 100 mL
2.00 mg/L E 20 100 mL
0.02 mg/L 2.0 1000 mL

Note: Computer refers to standards by letter.

Sodium hydroxide (15M): To 250 mL of D.I. water, add 150.0g NaOH. Slowly! This
solution will get very HOT! Swirl to dissolve. Store in a plastic bottle.

Ammonium chloride buffer solution: In a 1 liter volumetric flask, dissolve 85.0g of
Baker Analyzed ammonium chloride® (NH4Cl) and 1.0g of Aldrich disodium
ethylenediamine tetraacetate dihydrate (EDTA) in approximately 800 mL degassed
Milli-Q water. Adjust the pH to 8.5 with the 15M NaOH (approximately 8 mL).
Dilute to the mark and filter through a 0.45 um filter.

Sulfanilamide color reagent: In a 1 liter volumetric flask, add approximately 800 mL
of degassed Milli-Q water. Then add 100 mL concentrated phosphoric acid (H3PO4).
Add 40.0g sulfanilamide and dissolve completely. Dissolve 1.0g
N-1-Naphthlethylenediamine dihydrochloride (NED) and dilute to one liter. Store in
dark bottle at 4°C. Stable for 2 months when refrigerated.

* See Note #5.

Samples must be diluted to obtain concentrations within the optimum working range.
The gain and zero settings are guidelines and must be optimized each day.

Turbidity will interfere. Samples must be filtered prior to analysis. (Use Whatman
#1 or #4 filter paper). Record on data sheet.

Color will interfere, dilute the sample and also spike the dilution to confirm the
quality of the result. Record on data sheet.

ACS grade ammonium chloride has been found occasionally to contain significant
nitrate contamination, so an alternative preparation for the ammonium chloride
buffer (reagent 6) is as follows:

In the hood, add 126 mL concentrated HCI to a 1 liter volumetric containing 500 mL
degassed Milli-Q water. Mix. Add 95 mL ammonium hydroxide and 1.0 gm disodium
EDTA. Dissolve and dilute to the mark. The pH should be 8.5 = 0.1, adjust pH if
necessary.

[WCCONT-231] NOLAAC2-2



System Operation:

1.
2.

4.
5.

Refer to Auto Analyzer Operation - Start-up Procedure (IOP# LAAC-Section A).
Analyze an initial calibration check standard, a CRDL standard, a 0.20 mg/L standard
and a blank at the beginning of each run. There are no outside reference standards
available for this analyte. The blank must be below the detection limit and the
standards must be within required control limits before any samples are analyzed.

To spike samples, mix equal volumes of sample and 1.00 mg/L standard (D) for a final
spike level of 0.50 mg/L.

The calibration check standard is 1.00 mg/L (D).
Refer to “Auto Analyzer Shut-Down Procedure”. (IOP# LAAC-Section B).

Quality Control:

1.

Establish a standard curve with the standards listed above. The derived concentration
for each calibration standard must be within 10% of the true value. The derived
concentration for the blank must be less than the method detection limit.

The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of + the MDL of the instrument must be
recalibrated before samples are analyzed.

A quality control calibration check standard of 1.00 mg/L (D) and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. These standards must be
within the acceptable ranges and blanks must be below the method detection limit or
the samples run after the last acceptable calibration check standard and blank are to
be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculations:

1.

Calculate with Lachat QuikChem software, in the concentration mode, using the IBM
XT computer.

[WCCONT-231] NOLAAC2-3



Scope and Application:

AUTOANALYZER

Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection
References: Lachat Instruments, 1986.

Sample Handling: See separate SOP’s for requirements.

Reagents and Apparatus:

Lachat 3-channel autoanalyzer
Stock and standard ion solutions
Class A volumetric flasks
Class A volumetric pipets
Mi11i-Q water

Required interference filters
Disposable 4 mL cips
Automatic sampler
Proportioning pump

Injection module

Colorimeters

Manifolds

Columns - if needed

Helium gas

Computer

Printer

e g e e e e
ONAWMN O (OO0 £ WA -

Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This wiil turn on the computer, the screen, and the

printer.

2. Depress red power swit;h on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.
b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4, Insert correct filter.

5. Pump Milli-Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.

8. Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

9. Select appropriate method. Press <enter>.
10. Printer should be set at FONT 0.
11. Pump reagents until a steady baseline is achieved.

12. When using a method with a column (SO4 or NO3), the column may be
inserted at this point. See method SOP’s for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.
a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED Tight is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.

[C-AA-A]
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15.

16.

17.

18.

d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID’s". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

- go into the foreground (Press Alt, Esc keyS)

- select "display ca]ibration’é}aph" (Press <enter>)
- review the data

- return to the background (Press Alt, Esc keys)

* LAAC-3
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Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
imﬁortant statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1. :

LAAC-5
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Problem:

Negative peak

1\

Reproduceable dip when valve

switches (before peak)

Odd looking peaks

L\

/U

Shifting baseline

Peak too early/late

\

J

Peak cut off in window

L

Reproduceable dip after peak

L

1l

1

Three basic areas of troubleshooting:

Small intermittent peaks

19—

(W3]

o=

2

Q)

1D

-

)

o

y—

™)

Cause:

Contaminated carrier

Bad or no SO4 column or sample
extremely high in hardness

Samples high in oxidizing agents

. Bad color reagent

Could also be valve turning artifact cause
by a highly colored reagent

Index of refraction problem, matrix relatad
(usually acid or pH buffering)

Also method interferences: high hardness
on SO4 method, oxidizing samples on
nitrate method

Bad reagents

Flow problem

Precipitate build-up on SO4 manuold
tubing

Usually flow problem

Valve not set to an initial load position
state before starting run

Incorrect pump setting or other timing
problem

Reagents exceeded-reagents Iimproperly
prepared
Standards incorrectly prepared

Bad column

Milli-Q or reagents not degassed properly
or adequately
Waste line coil not installed (for the
methods which require it)

1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)

2. Chemistry

3. Timing (not usually a problem after initial development)
BLH/f

{r{[-genpol-604]
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Effective: <-2 ¥ /

TOTAL ORGANIC CARBON

Scope and Application: This method is applicable to surface water, sewage, wastewater and
groundwater.

Method: Each standard and sample is sealed in an ampule containing sodium persulfate and
phosphoric acid. The ampules are heated for 2 hours at 95°C. The oxidized organic
carbon is measured as CO» by infra-red detection. Quantitation is determined using
an external standard curve.

Reference:  EPA 1983: method 415.1, OI Model 524C Total Carbon System Manual

Detection Limit: 1.0 mg/L

Optimum Range: 1.0 - 20 mg/L

Sample Handling: Acidify with concentrated sulfuric acid to pH <2 and refrigerate at 4°C.
Analyze within 28 days.

Reagents and Apparatus:
1. OI Model 524C Total Carbon System
2. 10 mL sealed ampules (OI Corp.)
3. Commercial grade O9 gas
4. Disposable propane gas cylinder
5.  Commercial-grade N1 gas (high purity, dry grade)
6. Eppendorf microliter pipet, 100-1000 uL
7. Oxtord macropipet, 0-5 mL
8. Silicone grease
9. Saturated potassium persulfate solution

10. Phosphoric acid solution, 10% v/v

11. Milli-Q water

12. Potassium biphthalate (KHP)

13. Volumetric flasks, 1000 mL and 100 mL

14. Pipets, 1-20 mL assorted

15. EPA quality control sample of known concentration.

Reagent Preparation: (Prepare fresh every six months, unless otherwise stated).

1. Total Organic Carbon (TOC) Stock Solution, 1000 mg/L: Dry potassium biphthalate
(KHP) at 105°C for 2 hours. Cool in a desiccator. Weigh exactly 2.1254 g dry KHP
and add to a 1000 mL volumetric flask containing 2 mL of concentrated H2S04 and
Milli-Q water. Mix well and dilute to the mark. Store in refrigerator.

2. Intermediate TOC Solution (100 ug/mL): To a 100 mL volumetric flask, pipet 10.0

mL of the 1000 mg/L stock solution. Dilute to the mark with Milli-Q water. Prepare
fresh monthly.

[ORGCONT-300] TOC3C-1



3. Standard Carbon Solutions: (Prepare fresh for each run.)

20 mg/L. TOC Standard: To a 100 mL volumetric flask, pipet 20.0 mL of the 100 mg/L
carbon solution, and dilute to the mark with Milli-Q water.

10 mg/L TOC Standard: To a 100 mL volumetric flask, pipet 10.0 mL of the 100 mg/L
carbon solution, and dilute to the mark with Milli-Q water.

5 mg/L TOC Standard: To a 100 mL volumetric flask, pipet 5.0 mL of the 100 mg/L
carbon solution, and dilute to the mark with Milli-Q water.

3 mg/L. TOC Standard: To a 100 mL volumetric flask, pipet 3.0 mL of the 100 mg/L
carbon solution, and dilute to the mark with Milli-Q water.

1 mg/L, TOC Standard: To a 100 mL volumetric flask, pipet 1.0 mL of the 100 mg/L
solution, and dilute to the mark with Milli-Q water.

4. Potassium Persulfate Solution (K2S20g), Saturated: Fill a 1-liter amber glass bottle
3/4 full with Milli-Q water. Add potassium persulfate , approximately 20 g, until no
more crystals will dissolve. Store in refrigerator. —

5. Phosphoric acid solution, 10% (v/v): Slowly add 100 mL of phosphoric acid to 900 mL
Milli-Q water on a stirring plate. Mix thoroughly. Store in refrigerator.

Ampule Preparation:

1. Set up run by labeling ampules and placing them in a test tube rack.

2. Snap the ampules open along scoring and replace into rack in run sequence. Discard
ampule tips. Keep open ampules covered with aluminum foil to protect from dust
and other contaminants.

3. Using an Eppendorf 1000 microliter pipet, carefully pipet 1000 ul of saturated
potassium persulfate solution into each ampule.

4. Using a calibrated Oxford Macropipet, carefully pipet 5.0 ml of standard or sample -~
into each ampule. For blanks, pipet 5.0 ml Milli-Q water. For spiked samples pipet 4
ml] of sample and 1 ml of the 20 mg/L standard into an ampule.

5. Using Eppendorf microliter pipet, carefully pipet 300 ul of 10% phosphoric acid
solution into each ampule.

Ampule Purging and Sealing Procedure:

1. Open oxygen and propane cylinder main valves.

2. Open propane toggle switch and purge propane line for a couple seconds by opening
propane adjust valve; then close valve.

3. Light burner while slowly opening propane adjust valve until a flame approximately 2
inches high is obtained.

[ORGCONT-300] TOC3C-2



Open oxygen toggle switch. Open oxygen adjust valve slowly until each flame has a

* blue cone in the center.

5. Place 8 ampules in purging rack. Rinse purge tubes with Milli-Q water and insert
tubes to the bottom of each ampule.

6. Purge ampules with oxygen for 6 minutes.

7. Place an ampule (purged for 6 minutes) into clamping assembly.

8. Swing microburner into place around ampule tip and seal.

9. Swing microburner back as soon as ampule is sealed.

10. Remove sealed ampule and replace into test tube rack. Open clamping assembly and
drop hot ampule tip into a beaker partially filled with water.

11. Rinse purge tube. Place another ampule on purging rack and insert purge tube.

12. Continue with steps 4-8 for remaining ampules.

13. Turn off oxygen and propané main cylinder valves.

14. Place rack of sealed ampules in a 95°C oven for 2 hours. Cool to room temperature.

Analysis Procedure: |

1. IR power should be on at all times. _

2. Change primary drying tube desiccant (magnesium perchlorate).

3. Open nitrogen cylinder main valve.

4. Analyze ampules.

4.1 Turn integrator power on.

- 4.2 Place plastic stress adapter and gum rubber seal on neck of first ampule to be

read. Silicone grease may be necessary to slide the seal over ampule tip.
43 Place ampule in breaking assembly and turn clamping screw until ampule is
sealed firmly in place.
4.4 Lower purge tube until it is level with the tip of the ampule.
4.5 Open zero gas valve (nitrogen). Adjust flow to 13 on the flowmeter (200
ml/min). Purge the airspace around ampule tip until IR meter needle returns to
zero. For first ampule only, push auto zero button to zero instrument. Clear
integrator display.
Close zero gas valve.
Raise purge tube above plunger/cutter edges. _
Lower plunger/cutter with a twisting motion, breaking ampule tip.
Lower purge tube to within 1/8” of ampule bottom.
.10 Open zero gas valve. Make sure flowrate stabilizes at 13. Purge ampule until
integrator stops. Record integrator reading on TOC data sheet.

A A S
=000 IO
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4.11 Close zero gas valve. _
4.12 Remove ampule and discard. Analyze each ampule according to steps 4.2 - 4.12.

Instrument shut-down.

5.1 Turn off integrator.

5.2 Close nitrogen cylinder main valve.

5.3 Clean and lubricate plunger/cutter and barrel assembly.
5.4 Leave IR power on.

Quality Control:

1.

A standard curve consisting of a 20 mg/L, 10 mg/L, S mg/L, 3mg/L and 1 mg/L should
be analyzed in duplicate. A check standard at 10 mg/L should be analyzed
immediately prior to the first sample, every eleventh analysis thereafter and at the
end of a run. Recovery of the check standard should be 90% - 110%. If a recovery is
outside the Q.C. limits, all samples must be reanalyzed back to the last acceptable
check standard.

A blank must be analyzed after every check standard.

An EPA quality control sample should be analyzed immediately after the initial check
standard and blank. Results should be within 80-120% and the 95% confidence limits,
or samples must be reanalyzed.

A duplicate should be analyzed with each set of 10 samples. Calculate RPD and
record to 1 decimal point on data sheet. Recovery should be within acceptable limits,
or data must be flagged appropriately.

A spike should be analyzed with each set of 10 samples. If less than 10 samples are
analyzed a spike is still required. Recovery should be within acceptable limits, or data
must be flagged appropriately.

If any instrument reading is above the range of the standards, the sample must be
diluted and repeated. The diluted level must be between 3 mg/L and 20 mg/L or
redilute at a level that is within this range and reanalyze. :

All reagent preparation as well as sample dilutions, and spikes should be documented
in a logbook. '

Calculations:

1.

2.

Standardization: Average responses for duplicate curves. Plot concentration vs.
integrator response on graph paper.

Derive samples concentrations from graph as appropriate. Report results to 1 place
past the decimal point from 1 to 99.9 and to 3 significant figures above 100.
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Effective: 3'2 'Zl;/

TOTAL ORGANIC CARBON INSTRUMENT OPERATING PROCEDURE

Scope and Application: This instrument operating procedure (IOP) covers the general daily

use and maintenance of the Model 524C Carbon Analyzer. Set-up,
troubleshooting, and more detailed information can be found in the
instrument manual.

Instrument:  O.I. Corporation Model 524C-ATO Carbon Analyzer

Purging and Sealing Unit
Analyzer Module

Materials: Milli-Q Water

Disposable Propane Cylinder

Oxygen Cylinder
Nitrogen Cylinder
CO2 Calibration Cylinder
Purging and Sealing Procedure:
1. Open main valves on the propane and oxygen cylinders (20 psi delivery).
2. Open propane toggle switch and purge propane line for a couple seconds by opening
propane adjust valve; then close valve.
3. Light burner while slowly opening propane adjust valve until a flame approximately 2
inches high is obtained.
4.  Open oxygen toggle switch. Open oxygen adjust valve slowly until each flame has a
blue cone in the center. '
5. Place 8 ampules in purging rack. Rinse purge tubes with Milli-Q water and insert
tubes to the bottom of each ampule.
6. Purge ampules with oxygen for 6 minutes.
7. Place an ampule (purged for 6 minutes) into clamping assembly.
8. . Swing microburner into place around ampule tip and seal.
9. Swing microburner back as soon as ampule is sealed.
10. Remove sealed ampule and replace into test tube rack. Open clamping assembly and
drop hot ampule tip into a beaker partially filled with water.
11. Rinse purge tube. Place anothsr ampule on purging rack and insert purge tube.
12. Continue with steps 7-11 for remaining ampules. Turn off oxygen and propane main

cylinder valves. Place rack of sealed ampules in a 95°C oven for 2 hours. Cool to
room temperature.
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Analyzing Procedure:

1. IR power should be left on at all times.
2. Change primary drying tube desiccant (magnesium perchlorate).
3. Open nitrogen cylinder main valve.
4. Zero integrator:
4,1 Turn integrator power on.

4.2 Place plastic stress adapter and gum rubber seal on neck of a sealed ampule.
(Silicone grease may be necessary to easily slide the seal over ampule tip).

43 Place ampule in breaking assembly and turn clamping screw until ampule is
sealed firmly in place.

4.4 Lower purge tube until it is level with tip of the ampule.

4.5 Open zero gas valve (nitrogen). Adjust flow to 13 on the flowmeter (200
mi/min). Purge the airspace around ampule tip until IR meter needle returns to
zero. Push auto zero button and clear integrator display.

4.6 Close zero gas valve. Unscrew clamp and remove ampule.

5. Analyze ampules in following order: standard curve (high to low), check standard,
reagent blank, EPA QC sample, and then samples. Analyze one spike, one duplicate

and one continuing calibration standard for every 10 samples. End run with a

continuing calibration standard.

5.1 Place adapter and gum rubber seal over neck of ampule to be analyzed.

5.2 Place ampule in breaking assembly and turn clamping screw until ampule is
sealed firmly in place.

5.3 Lower purge tube until even with the tip of the ampule.

5.4 Open zero gas valve, Purge airspace around ampule tip until integrator stops.
Clear integrator display. Close zero gas valve.

5.5 Raise purge tube above plunger/cutter edges.
5.6 Lower plunger/cutter with a twisting motion, breaking ampule tip.
5.7 Lower purge tube to within 1/8” of ampule bottom.

5.8 Open zero gas valve. Make sure flowrate stabilizes at 13. Purge ampule until
integrator stops. Record integrator reading on TOC data sheet. Clear display.
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5.9 Close zero gas valve.

5.10 Remove ampule and discard. Analyze each ampule according to steps 5.1 - 5.9.
Instrument shut-down.

6.1 Turn off integrator.

6.2 Close nitrogen cylinder main valve.

6.3 Clean and lubricate plunger/cutter and barrel assembly.

6.4 Leave IR power on.

Zero and span settings should be checked monthly:

Procedure:

1. Open main valves on nitrogen and CO?2 calibration cylinders.

2. Clamp ampule into breaking assembly.

3. Open zero gas toggle switch and allow system to purge at a flow rate of 13.

4. Zero IR meter needle by adjusting zero control knob until the needle reads exactly
zero. Close zero gas toggle switch.

5. Open span gas toggle switch and allow system to purge at a flow rate of 13 until IR
meter reaches a maximum.

6. Adjust span control knob until the IR meter gives a reading matching the calibration
curve value for the span gas CO2 concentration.

7. Turn span gas off and zero gas on using toggle switches. Allow meter to stabilize and,
if necessary, adjust the zero control knob so that the meter reads exactly zero.

8.  Switch zero gas off and span gas on. The meter should return to the previously set
reading. Adjust span control knob if necessary.

9. Continue making small zero and span adjustments unti] the IR meter reaches the zero
and span settings without adjustment when the gases are alternated.

10. Document zero and span adjustment in TOC Analyzer logbook.
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Page 1 of 6

METHOD SUMMARY

Total Organic Carbon is measured using the Dohrman DC-80 carbon
analyzer coupled with the PRG-1 furnace module.

A known weight of sample is combusted in an oxygen atmosphere at
800°C, in the presence of a copper catalyst. Carbonaceous
materials are converted to carbon dioxide. The CO, formed is

‘quantified using an NDIR detector.

Intact samples are taken for analysis to minimize loss of volatile
components.

Data is reported in mg/kg. Method detection limit is 100 mg/kg.
If the results are to be reported on a "dry weight basis", a
separate % solids determination is required and is applied to data
calculations.

APPARATUS

Dohrman DC-80 Carbon Analyzer

Dohrman PRG-1 Furnace Module

Dohrman Sludge/Sediment Sampler Accessory

50 ul syringe (unimetrics)

Chann Electro Balance

Quartz Wocol and Sample Boats'

Stainless Steel Forcepts/Spatula

Dohrmann Oxidation Promotor (PN 511-883)

REAGENTS

Carbon stock solution (10,000 mg/l) - dissolve 21.2800 grams of
primary standard grade potassium hydrogen phthalate (anhydrous,
dried at 105°C for 2 hours, cooled in a dessicator) into 800 ml of

DIHOH (1 ml = 10.0 mg). Add 2 ml 1+1 H,SO,, then dilute to 1 litre
with DIHOH. Stock solution is stable for 6 months.
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4000 mg/l standard - dilute 40 ml cof the "stock" solution. Add 2
ml of 1+1 H,S0,, then dilute to 100 ml.

2000 mg/l standard - dilute 20 ml of the "stock" solution. Add 2
ml of 1+1 H,SO,, then dilute to 100 ml.

1000 mg/l standard - dilute 10 ml of the "stock" solution. Aadd 2
ml 1+1 H,SO,, then dilute to 100 ml.

100 mg/l standard - dilute 1.0 ml of the "stock" solution. Add 2
ml of 1+1 H,SO,, then dilute to 100 ml.

Standards for soil analysis must be prepared fresh weekly. ~’
H,S0, solution (1+1) (V/V) - Add with constant mixing in an ice

bath 100 ml of concentrated ACS AR grade sulfuric acid to 100 ml
of deionized water.

-Potassium persulfate - phosphoric acid reagent (2%). Dissolve 20.0

g of reagent grade potassium persulfate (K,S,,), add 2.0 ml of
concentrated (85%) phosphoric acid (H,PO,). Mix thoroughly and
dilute to 1 litre with DIHOH. Prepare fresh monthly.

Hydrochloric acid solution (1+9) - add 10 ml of conc. ACS (AKR) ECL
to 90 ml of DIHOH. Mix thoroughly.

INTERFERENCES

Inorganic carbon (carbonates and bi-carbonates) represent positi .
interferences. Inorganic carbon 1is removed by treating a known
weight of sample with several drops of 1+9 HCL solution.
Additional acid is added dropwise until inorganic carbonate removal
is complete.

Non-homogenous matrices may yield poor reproducibility. Homogenize
the intact sample by grinding to obtain a representative aliquot.

ELECTRO BALANCE CALIBRATION

Check and document the calibration of the electro balance as per
the instrument manual.

Identical weighing pans should be in place on the "B" and "tare"
positions of the balance.

‘Set the range at the "B" 1200 mg position. The readout should be

0.00 mg. Close the balance. Allow to stabilize, then depress the
tare. The readout should be stable at 0.00 mg.



N

Place a 1000 mg Class "S" weight on the Pan "B". Record the
result. Depress the "CAL" button to calculate to 1000 mg. Record
the result. Repeat the procedure and confirm calibration.

Then weigh and record the values obtained from the following Class
"S" weights:

100.0 mg
10.0 mg
5.0 mg

All values obtained should be within 1% of the expected value. If
not, recalibrate the balance as per Section 5.0.

CARBON ANALYZER - PRELIMINARY SET UP FOR SOIL ANALYSIS

Check all instrument components as per the Dohrman DC-80 instrument
manual. Furnace inlet tube to bulkhead #5, furnace outlet tube is
connected to bulkhead #4. Also see attached assembly drawing.

Position the boat carriage under the sample inlet block. Place the
sample boat into the carrier using forcepts. Place a piece of
quartz wool into the boat and close the inlet block.

Turn on the power to the PRG-1 furnace module.

If fresh oxidation promotor (PN 511-883) is used, condition by
heating for 1 hour with the furnace exit tube immersed in basic
DIHOH. After 1 hour, connect the furnace exit tube to the UV
module at bulkhead #4. Verify flow within the reactor.

If "pre-conditioned" oxidation promotor is used, connect the
furnace exit tube to the UV reactor module at bulkhead #4. Verify
flow within the reactor. Allow the system to come to full
temperature and stabilize for 30 minutes.

Verify the following:

Oxygen is flowing in the reactor

Normal system back pressure

UV lamp is turned off

Reactor is filled with reagent

Quartz wool is in the boat

Mode is TOC

Volume is 40 ml

Pump is on

Baseline is stable at 0.0100 units in "DET" mode

Set the IR mode to DET. Decalibrate the instrument by depressing
the CALIB button for 3 seconds.
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Adjust the baseline to 0.0100 units. It should be stable after the
furnace temperature has reached 800 °C + 0.002 units.

Decontaminate the sample boat by pushing it into the combustion
zone for 2 minutes. This will remove any organic residues on the

boat. Instrument baseline will return to normal when boat is
clean.
CALIBRATION

Inject 40 ul of the 2000.0 mg/l carbon standard into the cool
sample boat via the liquid injection port. Slide the boat into tine
combustion zone.

Depress the start button. Then on completion of the cycle, record
the PPM response obtained on the LED. Bring the boat out of the
furnace into the inlet block and allow to cool. Inject three
additional 40 ul volumes on the 2000 mg/l calibration standard.
The response values should be within 5% of the mean. If not,
repeat the calibration procedure.

Press the "calibrate" button and record the mean response value and
the "adjusted" PPM value from the calibration sequence. The value
should be 2000.0 PPM C + 5%.

CHECK STANDARD ANALYSIS

Analyze single 40 ul injections of each of the following acidifi._
and sparged standard solutions.

Method Blank

100 mg/l carbon standard
1000 mg/l1 carbon standard
2000 mg/l carbon standard
4000 mg/l carbon standard

Calculate the % Recovery. Recoveries should be within 10% of the
known standard value. If not, re-analyze the standard.

% Rec = Obsexrved Result X 100
Known Result

SAMPLE ANALYSIS

Remove the quartz wool and tare the cool, clean sample boat on pan
"B" (1200 mg range) of the electro balance. Remove the tared boat
from the balance, then add a homogenous amount of sample to the
boat. Reweigh and record the weight in mg.



4.0

10.

10.

10.

10.

10.

9.1.1 If organic carbon is to be determined, remove inorganic
carbonates by treating a known weight of sample with several
drops of 1+9 HCL. Wait until effervescing is completed and
add additional acid. Continue this process until the
incremental addition of acid causes no further effervescence.
Proceed to 9.3.

If total carbon is to be determined, omit the addition of HCL
reagent to the sample. Report data as "Total Carbon". Proceed to
9.3.

Transfer the "loaded boat" to the sample carriage via the inlet
block. Allow the system to stabilize for 30 seconds after closing
the inlet block.

Push the start button and slide the boat into the furnace
combustion zone. Allow the instrument to complete the cycle.
Record the PPM value obtained from the LED display.

Analyze all samples in duplicate.

Calculate the carbon concentration for the sample using the
following:

mg/kg = 40 (LED ppm)

Sample weight mg (corrected for % solids)
QUALITY CONTROL

Four calibration standards are analyzed for each analytical run.
The recoveries for the standards must be within +/- 10% with the
exception of the low standard which must be +/- 15%.

A 2000 PPM calibration check standard is analyzed every 10 samples
and at the end of each analytical run. The recovery must be within
+/- 15%.

A method blank is analyzed once per 20 samples. Results for the
blank must be less than the MDL.

An EPA reference QC sample is analyzed for each batch and the
recovery must be within +/- 20% of the known value.

A duplicate analysis 1is performed at a frequency of 1 per 10
samples. Duplicate relative percent difference should be:

+/- 20 at > 5 times the MDL
+/- MDL at < 5 times the MDL to = MDL
NC at < MDL



11.0

12.0

11.

11.

12.

12.

12.

REPORTING REQUIREMENTS

All results are reported in mg/kg on a dry weight basis. The
minimum reporting level is 100 mg/kg.

All results are reported to three significant figures.
Values below the MDL are reported at < "MDL".
REFERENCES

Method 415.1, Methods for Chemical Analysis of Water and Waste, F
6004-79-020. o’

Method 9060, Test Methods for Evaluating Solid Wastes, SW-846 Third
Edition.

Determination of Total Organic Carbon in Soil and Sediment, EPA
AD/A103 788, Section 3-73.
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Scope and Application:

Effective: 7-2-5 {

ACID DIGESTION FOR AQUEOUS SAMPLES AND EXTRACTS

ICP/Flame-AA

This acid digestion is applicable to all aqueous sample matrices. A
nitric/hydrochloric acid digestion is used to prepare all samples

which are to be analyzed by flame atomic absorption spectroscopy
(flame-AA) or by inductively coupled plasma spectroscopy (ICP).
A nitric acid/hydrogen peroxide digestion is used to prepare
samples for analysis by graphite furnace atomic absorption

spectroscopy (GFAA).

Method: Nitric acid/hydrogen peroxide and nitric/hydrochloric acid digestions

Reference:

“Statement of Work for Inorganic Analysis”, ILM01.0, EPA 1990

~— Sample Handling: Aqueous samples must be acidified with concentrated nitric acid to pH
<?2. Set up digestion as soon as possible; digested sample must be

analyzed within 6 months.

Intermediate and working metal solutions: Refer to the specific metal SOP for

1:1 Hydrochloric acid (HCl): Using a graduated cylinder, add 250 mLL D.I. watef toa
to a 500 mL (or 1 L) repipettor. Carefully add 250 mL of concentrated HCI and mix.

Reagents and Apparatus:
1. Hot plate
2. 250 mL beakers
3. 100 mL graduated cylinders
4. Class A volumetric glassware
5. Deionized (D.1.) water
6. Instra-analyzed nitric acid, or equivalent
7. Distilled nitric acid (GFAA digestion only)
8. Instra-analyzed HCl acid, or equivalent
9. Stock and standard metal solutions
10. 'Whatman #42 filter paper
11.  Glass or plastic funnels
12.  Watch glasses
13. 30% Hydrogen peroxide
Reagent Preparation:
1.
instructions on preparation.
2.
3.

1:1 Nitric acid (HNO3): Using a graduated cylinder, add 250 mL D.I. water toa to a
500 mL (or 1 L) repipettor. Carefully add 250 mL of concentrated HNO3 and mix.
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Notes:

1. A separate digestion is required for mercury analyzed by the AA-Cold Vapor
technique. (See “Mercury Digestion-Aqueous Samples™)

2. All samples, duplicates, and spikes, as well as any required prep or digested blanks
and standards, must be carried through the digestion procedure.

3. If samples boil or go to dryness (any dry spots on the bottom of the beaker) at any
time during the digestion, some of the analyte may have been lost. The digestion
must be discarded and the affected samples must be reprepared.

4. If elevated analyte levels are expected, the spike concentration may be increased
accordingly.

Procedure:

Digestion Procedure for Flame-AA and ICP:

1. All glassware must be acid-washed with 1:1 nitric acid and thoroughly rinsed with
D.I. water prior to use.

2. Measure out 100 mL aliquots of samples, blanks, and standards into 250 mL beakers
using a graduated cylinder.

3. Add2.0mL of 1:1 HNO3 and 10 mL of 1:1 HCL

4. Cover with a watch glass and heat on the hot plate for 2 hours or until the volume
has been reduced to between 25 and 50 mL. Adjust the temperature of the hot plate
as needed to prevent samples from boiling.

5. Allow samples to cool. If any insoluble material remains, filter samples through
Whatman #42 filters. Quantitatively transfer digested samples, blanks, and
standards into 100 mL volumetric flasks. Rinse beakers and filters with D.1. water
and dilute to volume to 100 mL.

6. Samples are now ready for analysis using the AA-flame or ICP methods.

Digestion Procedure for GFAA:

1. All glassware must be acid-washed with 1:1 nitric acid and thoroughly rinsed with
D.I. water prior to use.

2. Measure out 100 mL aliquots of samples, blanks, and standards into 250 mL beakers
using a graduated cylinder.

3. Add 1.0 mL of 1:1 HNO3 and 2.0 mL of 30% H,0».

4. Cover with a watch glass and heat on the hot plate for 2 hours or until the volume

has been reduced to between 25 and 50 mL.. Adjust the temperature of the hot plate
as needed to prevent samples from boiling.
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5. Allow samples to cool. If any insoluble material remains, filter samples through
Whatman #42 filters. Quantitatively transfer digested samples blanks, and
standards into 100 mL volumetric flasks. Rinse “beakers and filters with D.I. water
and dilute to volume to 100 mL.

6. Samples are now ready for GFAA analysis.
Quality Control:

1. A digested blank and standard (spiked blank) must be included with each batch of
samples that is digested. The blank is a check for possible contamination during the
digestion process; the standard is a check for possible analyte loss during digestion.

2. A matrix spike and duplicate must be prepared, at a minimum, for every 10 samples
digested. If fewer than 10 samples are digested a spike and duphcate are still
requlred
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Effective: §- 2-9i

INDUCTIVELY COUPLED PLASMA - ATOMIC EMISSION SPECTROMETRIC METHOD

Scope and Application: Metals in solution can be readily analyzed by atomic emission using an
inductively coupled plasma. Dissolved metals are determined in
filtered and acidified samples. Total metals are determined in
acidified, but unfiltered samples. Appropriate steps must be taken in
all analyses to ensure that potential spectral interferences are taken
into account. :

Method: Inductively coupled plasma - atomic emission.

Reference: “Methods for Chemical Analysis of Water and Wastes”, Method 200.7 EPA
1984.

“Inductively Coupled Plasma - Atomic Emission Spectroscopy”, Method 6010,
SW-846, November 1986.

“Statement of Work for Inorganic Analysis”, ILM01.0, EPA 1990
“Instructions: Plasma 40 Emission Spectrometer”, Perkin-Elmer, 1987.
Sample Handling: Acidify aqueous samples with concentrated nitric acid to pH <2. All
samples must be digested prior to analysis (refer to appropriate

digestion procedure). All samples must be analyzed within 6 months
of sampling date.

Reagents and Appartus:

Plasma 40 Perkin-Elmer ICP Spectrometer

Argon (liquid: “high purity” or gaseous: “prepurified” grade)
Stock and intermediate metal standard solutions
EPA, ERA, or other reference standard solutions
Nitric acid, conc. (instra-analyzed or equivalent grade)
Class A volumetric glassware

Deionized water

Disposable 15 mL centrifuge tubes

100 uL Eppendorf pipetter

10. 5 or 10 mL Oxford pipetter

11. Yttrium or Scandium stock solution

12. IBM AT Computer or equivalent

13. Epson 800 printer

WONANA DN

Procedure:
Instrument Set-Up Procedure for Plasma 40:

1. Turn ON power switch if necessary (routinely left ON throughout week). Allow 1
hour for RF generator to warm up and electronic and optical components to achieve
thermal equilibrium.
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Perform daily maintenance as specified in Maintenance Procedures: check pump,
pump tubing, and nebulizer tips for wear, cleanliness, etc.

3. Turn on argon at tank. The first three indicator lights on the ICP (Power, RF ready,
Interlock) should light.

4. Lock pump tubing in place, raise torch to the “ignite” position, and press “RF
on”.

5. 'When plasma ignites, lower torch to the run position (the injector tip should be even
with or just below the bottom of the lowest RF coil).

6. Turn on pump and aspirate rinse water*. Allow plasma to stabilize 30 to 40 minutes
before starting analysis.

Computer Start-Up Procedure:

1. Turn computer and printer power on (the computer will automatically start with a
memory check).

2. Type CD ICP and press Return to enter the ICP directory. Then type ICP and press ™~
Return again to load software (approximately 10-15 seconds).

3. Perform a BEC check as specified in Maintenance Procedures. The BEC and CV
values must be within the specified range before any analysis is done.

Sample Analysis:
1. Before starting analysis, for each element to be analyzed:

a. Press F1 to select the Element mode, type the appropriate element file name and
press Alt F9 to retrieve it from Library.

b. Press F8 to select Spectrum mode.

c. Analyze a single element standard at approximately 2-10X the IDL.

d. Analyze the ICS AB solution.

e. Analyze 1-3 samples representative of the digestion set.

f. Compare the displayed spectra to check for spectral interferences. Reset
background correction points as needed. If there are overlapping peaks or other
spectral interferences present, an alternate wavelength or interelement

correction must be used.

g Press F8 to leave the Spectrum mode. If wavelength calibration or background
correction points were changed, press F9 to save the changes.

Rinse water should be D.I. water with a small amount of liquid detergent (such as
Liquinox or Whisk) added to improve wetting of tubing and spray chamber.
Approximately 1-2 mL of soap per 500 mL water should be sufficient.
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2. To store a list of sample labels to be used for the analytical run, select Report mode
(F3), then ID/Wt mode (F8). Enter a file name, type in N (no) in the field for raw
emission counts, mg/L. for uncorrected units, and leave the corrected units field
blank. Enter sample labels in the sample ID field in the exact order of analysis;
include all check standards, QC samples, etc. If it is possible that additional samples
may be added to the end of an analytical run (dilutions, post-digestion spikes, linear
range standards, etc.) add additional sample labels to the ID/Wt file in the form of
single letters (A, B, C, etc.) and manually write in the correct sample labels after the
analytical run is completed. Alternatively, a new ID/Wt file may be created after the
analytical run is completed (in this case the raw data must be reprinted with the new
file by selecting Report Format 1 (FS) in the report mode and responding to the
prompts). Save ID/Wt files by pressing F9 (to library).

3. Press F2 to select the Method mode.

4. Type the method file name and press Alt F9 to retrieve the desired method panel
from Library, or create a new panel using existing element files. Standard conditions
are 35 second read delay, 2 replicates per sample, report format #2 and a data file
name composed of the date (mmdd) and a sequential letter identifier (e.g. 0123B for
the second analytical run on Jan 23). An internal standard (usually yttrium) must be
included in any method. Background correction points are already included in each
element file.

5. Add yttrium (or scandium) stock solution (1000 mg/L) as an internal standard to all
standards, blanks, and samples in a ratio of 0.1 mL yttrium stock to 10 mL sample.
This allows automatic correction for matrix differences in viscosity, surface tension,
etc.. If the autosampler is to be used, samples can be pipetted directly into 15 mL
centrifuge tubes. Otherwise mix sample and yttrium in small disposable beakers.

If autosampler is used:

1. If the autosampler is to be used, load sampler starting with the calibration standards
in order of decreasing concentration (highest concentration first, calibration blank
last).

2. Start automatic run (FS). Respond to the prompts that appear at the bottom of the
screen:

a. “Press start function key to begin this analysis”: press F5

b. “Enter ID/Wtfile”: type ID/Wt file name and press Return.

c. “Do you wish to rinse between tubes (Y or N)”: type Y and press Return. N
may be selected only for clean samples where no carry-over problems are

anticipated. Always rinse between samples when analysis is following CLP
protocols, or analyzing for Sb, Cr, or Zn.

[METCONT-199] ICPC2-3



w

d. “Enter position of the last sample in tray”: type appropriate number and press

Return (you may wish to enter a number several positions past the last sample to
allow room for the addition of necessary dilutions, etc. at the end of the run).

“Do you wish to re-standardize (Y or N)”: type N or Y and press Return. N is

usually selected. Y will allow restandardization of the instrument during an

automatic run but additional autosampler positions will be unavailable for
samples. If Y is selected, additional on-screen instructions will prompt for
position of additional calibration standards.

“Do you wish to wavelength calibrate during the analysis? (Y or N)”: type N or
Y and press Return. N is usually selected. Y will allow recalibration of all
wavelengths used in the current method before analysis is started but additional
autosampler positions will be unavailable for samples. If Y is selected, additional
on-screen instructions will prompt for position of additional wavelength
calibration standards. The system will then begin the analysis.

When the analysis is complete press F2 to select Method mode before exiting
software to ensure the data file is stored permanently. Then set up the next panel,
return to Report mode to set up a new ID/Wt file or reprint data, or press ESC to
exit the ICP software.

If samples are to be run manually:

1.

Press F2 to start a manual run and respond to prompts to calibrate instrument:
Press F6 (Standard), aspirate the first calibration standard and press Return. At the
prompt, aspirate the next standard(s) and press Return. When all calibration
standards have been analyzed press F5 (Blank) aspirate the calibration blank and
press Return. This completes the instrument calibration.

To analyze samples, type in sample label if needed, press F7 (Sample), aspirate
sample and press Return. Repeat with all samples in the run.

Computer Shut-Down Procedure:

1.

When analysis is complete press F2 (Method mode). At the message “Do you wish
to quit method”? Type Y.

Press “ESC”. At the message “Do you wish to quit method?” Type Y.
Turn off computer power switch.
Turn off printer.

Caution: Never turn off computer power while still using ICP software. This can
cause partial loss of files and other errors.

Instrument Shut-Down Procedure:

1.

Aspirate a dilute nitric acid solution (approx. 10%) for 1 to 2 minutes to clean
sample introduction system.

(METCONT-199] ICPC2-4

—



Aspirate D.1. water for 5 minutes to rinse system thoroughly.
Turn off pump and release pump tubing.
Press “RF off” to extinguish plasma.

Shut off argon flow at tank.

AN G

If the ICP will not be used for 2 days or more, turn off ICP power switch.
Otherwise, leave the ICP power ON.

Quality Control:

1. [Establish a standard curve with the appropriate calibration standards plus a blank.
Record the emission count for the internal standard in the ICP log book. The
emission count should remain consistent from run to run. If not, necessary
troubleshooting must be performed before continuing (check pump tubing,
nebulizer tips, nebulizer flow, wavelength calibration, etc.).

2. The first analyses for each analytical run are, in order:
a. Initial calibration verification standard (ICV)
b. Initial calibration blank (ICB)

c¢. Initial standard at 2X the CRDL (CRI). Note: The CRI is not necessary for Ca,
Mg, Naor K

d. Initial interference check sample, solution A (ICSA).
e. Initial interference check sample, solution AB (ICSAB)

f. Laboratory control standard - an ERA, EPA, or other reference standard
digested with the sample set (LCS)

To continue with sample analyses, the ICV must be within 90-110% of the true value, the
ICB must be less than the CRDL, and the LCS and ICS solutions must be within 80-
120% of the true value. If these QC criteria are not met, discontinue the analytical run
and perform necessary troubleshooting. ‘

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are to
be analyzed, a duplicate and spike are still required. Duplicates and spikes are to be
within required control limits or the data must be flagged appropriately (N for
spikes, * for duplicates). Additionally, if a digested spike is outside required control
limits, a post-digestion spike must be analyzed for that sample.

4. For each sample batch (same matrix and project) one sample must be analyzed at an
additional 5X dilution for the ICP serial dilution analysis (L). If the original sample
concentration is at least 50X above the IDL, the serial dilution must agree within
10% of the original sample concentration or data for all associated samples must be
flagged appropriately (E).
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A continuing calibration verification standard (CCV) and blank (CCB) are to be
analyzed, at a minimum, after every 10 analyses. If less than 10 analyses are
performed, a CCV and CCB are still required. The last samples analyzed in the run
are to be a CCV and CCB. The CCVs must be within 90 - 110% of the true value or
the samples run after the last acceptable calibration standard are to be reanalyzed.

At the end of each analytical run, but before the final CCV and CCB, the CRI, and
ICS solutions A and AB are to be reanalyzed. The ICS must be within 80-120% of
the true value or the samples run after the last acceptable calibration verification
standard are to be reanalyzed.

Refer to the appropriate Quality Assurance Project Plan (QAPP) for project specific
QC information (additional QC requirements, matrix spike and duplicate control
limits, etc.).

Detection limit verifications and linear range analyses must be performed each
quarter. Interelement correction factors are to be determined annually at a
minimum. Interelement correction factors must be recalculated on an analyte and
wavelength specific basis any time background correction points are changed in an
element file. Additionally, for greatest accuracy, interelement correction factors
should be re-determined for any analytical batch that is expected to have high
concentrations of common interferents (e.g. any soil, sediment, sludge, or leachate
matrix). :

Daily Maintenance Procedures - Plasma 40

1.

Pump rollers: With the pump on, feel along the bottom of the pump to determine
that all the rollers are turning smoothly with no resistance or pulling. If a “sticky”
roller is found a service call must be placed to Perkin-Elmer to correct the problem.
A stlicky roller will cause rapid deterioration of pump tubing resulting in erratic
results.

Pump tubing: Check pump tubing for excessive stretching, soft or flattened spots.
This can cause irregular or diminished sample flow resulting in reduced sensitivity
and lack of precision in sample results. When pump tubing is changed, (usually after
6-8 hours of use) it is necessary to trim ends of the new tubing so the length from the
black stops to the end of the tubing is kept constant. Failure to trim tubing ends can
cause imprecise results due to a longer sample read delay.

Nebulizer tips: Remove nebulizer end cap and check nebulizer tips visually and with
the cleaning wire for clogs, salt build-up or other deposits. Follow the instructions in
the Plasma 40 operating instructions for replacing nebulizer tips if necessary (Part 2,

g 3-8). Used tips may be cleaned by soaking overnight in 10% nitric acid followed
by thorough rinsing with D.I. water. Finally, with the argon on, aspirate water and
observe the spray pattern. The nebulizer should produce a fine, even mist with no
large droplets with the direction of the spray approximately perpendicular to the
face of the end cap (should not deviate more than about 20°). If the spray pattern
looks uneven, “bent”, or is pulsing excessively, recheck pump tubing and review
nebulizer maintenance to correct the problem.
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BEC check: This is an indication of how well the ICP system is performing. After
the plasma has been ignited and allowed to stabilize for 30-40 minutes perform the
following steps:

a. At the DOS prompt type ICP and press Return to load software.

b. Type MnBEC and press Alt F9 to retrieve this method from Library. Press F6 to
start a manual run. _

c. Press F6 again (standards), aspirate a 1.0 mg/L Mn standard and press Return.
The ICP will analyze 10 replicates of this standard. The Coefficient of Variance
(CV) for these readings should be <2.0. If a higher values is obtained a sample
introduction or instrument calibration problem is indicated. Check pump tubing -
and wavelength calibration for Mn and repeat the analysis. Record the CV in the
maintenance log book.

d. Press F5 (blank), aspirate a blank, and press Return to complete the calibration.

f. Turn off the torch (RF off), aspirate D.I. water, and press F7 (sample). The
resulting concentration should be <|0.040|. If a higher value is obtained, a
problem with the sample introduction system is indicated. Review maintenance
and, if the problem cannot be corrected, place a service call with Perkin-Elmer.
Record the BEC in the maintenance log book.

i. Re-light the torch and press ESC to end the manual run. Allow the plasma to
stabilize 10-15 minutes before beginning any analysis.

Final rinse: When analysis for the day is complete, aspirate dilute (approx. 10%)
nitric acid for one or two minutes followed by D.I. water for approximately 5
minutes. This will help prevent deposits from building up in the sample introduction
system. Remember to release pump tubing when completed.

Weekly Computer Backup:

1.

Once a week data files should be copied to floppy disks and deleted from the hard
disk. Data files on floppy disks should be saved for one year. ,
Periodically (every 1-3 months depending on work volume), files should be reviewed,
old files deleted and the entire system backed-up.

Other Maintenance:

1.

Occasionally, additional maintenance will be necessary to correct problems arising
from time and wear on the system. Any additional maintenance performed
(including P.E. service calls) should be listed in the maintenance logs. These include
periodic cleaning of the torch assembly, inspection of O-rings in torch assembly, and
wavelength recalibration. Generally, these procedures will only be performed in
response to observed problems. Refer to the Plasma 40 operating manual for

specific directions.
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Element

Al
Al
Sb
Ba
Be
Cd
Cd
Ca
Cr
Cr
Co
Co
Cu
Cu
Fe

Wave-

237.335
396.152
206.833
233.527
313.107
228.802
214.438
317.933
267.716
205.552
238.892
228.616
324.754
224.700
238.204
220.353
216.999
285.213
257.610
352.454
232.003
338.289
330.237
189.989
292.402
213.856
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ICAP CALIBRATION STANDARDS

Detection
length Limit(ug/L)

50
50
50
10
5
5
5
1000
10
10
50
10
10

Cal. Std.  Cal. Std.
1(ugl) 2 gl

20,000
20,000
2000
10,000
1000
1000
1000
200,000
10,000
10,000
10,000
10,000
10,000
10,000

20,000
10,000
10,000
100,000
10,000
10,000
10,000
1000
100,000
10,000
10,000
10,000

ICAP-1

400
400
500
200

20
50
50

10,000
500
500
200
200
100
100
200
500
500

5000
100
100
100

5000
1000
500
100

Cal. Std. ICV
3(ugl) (ug/l)

2500
2500
250 1000
500
250
500
500
10,000
200 1000
200 1000
2500
2500
1000
1000
1000
5000
5000
10,000
500
1000
1000
50 500
20,000
2500
250 2500

50 500

\for wovr \-L G‘M
DM when

CCv
(ug/L)

4000
4000
1000
2000
200
200
200
80,000
2000
2000
2000
2000
2000
2000
4000
2000
2000
40,000
2000
2000
2000
200
40,000
5000
2000
2000

ke

r{\;\\g)f?\% Gr

/'Llc’«cie \



ICAP CALIBRATION STANDARDS

ICAP calibration standards are prepared from both multi-element stock solutions
purchased from SPEX Industries (custom mixed standards) and single element stock
solutions from VWR and Baxter (Ricca or Mallinckrodt as available).

XWE-1 XWE-2 XWE-3a XWE-4a
2000 mg/L Fe 20,000 mg/L Ca 1000 mg/L Cr 2000 mg/L Al
1000 mg/L Cu 10,000 mg/L. Mg 1000 mg/L Pb 1000 mg/L. Ba
1000 mg/L Mn 10,000 mg/L Na 1000 mg/L V 1000 mg/L Co
1000 mg/L Ni 100 mg/L. Cd 100 mg/L Be
1000 mg/L Zn 100 mg/L Ag

Single Element

Stock Solutions
XWE-6a 1000 mg/L
500 mg/L. Pb Sb Ag
250 mg/L Co, Al Be Na
100 mg/L Cu, Nij, Fe, Cr Ca V
50 mg/L Ba, Cd, Ag, Zn, Mn Cr Zn

Mg Sn
Calibration Standard #1:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Ag, Na,V, Zn: IntoalL
volumetric flask, add 500 mL of de-ionized (D.I.) water and 50 mL of

concentrated HCIl. Pipet 10 mL each of XWE-1, XWE-2, XWE-3a, and XWE-
4a. Dilute to volume with D.I. water.

2. For Sb: Into a 500 mL volumetric flask, add 250 mL of D.I. water and 25 mL

of concentrated HCl. Pipet 1.0 mL of 1000 mg/L Sb stock solution. Dilute to
volume with D.I. water.

3. For Sm: Into a S00 mL volumetric flask, add 250 mL of D.I. water and 25 mL of

concentrated HCl. Pipet 5.0 mL of 1000 mg/L Sn stock solution. Dilute to
volume with D.I. water.

Calibration Standard #2:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Na, V, and Zn: First
prepare 10X dilutions each of XWE-1, XWE-2, XWE-3a, and XWE-4a. Then,
into a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of
concentrated HCl. Pipet 1.0 mL of XWE-1 (10X dilution), 5.0 mL of XWE-2
(10X dilution), 5.0 mL of XWE-3a (10X dilution), and 2.0 mL of XWE-4a (10X
dilution). Dilute to volume with D.I. water.
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2. For Sb: Into a 200 mL volumetric flask, add 100 mL of D.I. water and 10 mL
of concentrated HCI. Pipet 50 mL of Sb Calibration Standard #1 and dilute to
volume with D.I. water.

3. For Sn: Into a 200 mL volumetric flask, add 100 mL of D.I. water and 10 mL of
concentrated HCL. Pipet 20 mL of Sn Calibration Standard #1 and dilute to
volume with D.1. water.

Calibration Standard #3:

1. For Cr, Ag, Vand Zn: First prepare intermediates as follows:

50 mg/LL Ag and Zn: Into a 100 mL volumetric flask, add 10 mL of
1:1 HCL. Pipet 5.0 mL each of single element Ag and Zn stock solutions
and dilute to volume with D.I. water.

100 mg/L Cr: Into a 100 mL volumetric flask picfet 10.0 mL of single
element Cr stock solution. Add 5 mL of 1:1 HCJ and dilute to volume with
D.I. water.

50.0 mg/L V: Into a 100 mL volumetric flask pipet 5.0 mL of single element
V stock solution. Add 5 mL of 1:1 HCI and dilute to volume with D.I.
water.

Then. into a 500 mL volumetric flask, add 250 mL D.I. water and 25 mL of
concentrated HCl. Pipet 1.0 mL of 100 mg/LL Cr intermediate, 0.5 mL of 10
mg/L Ag-Zn mixed intermediate, and 2.5 of 50 mg/L V intermediate. Dilute to
volume with D.I. water.

2. For Sb: Into a 100 mL volumetric flask, add S0 mL of D.I1. water and 10 mL of
1:1 HCL. Pipet 50 mL of Calibration Standard #2 and dilute to volume with
D.I. water. '

Imitial Calibration Verification:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Ag, Na, V, and Zn: Into
a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of concentrated
HCl. Pipet 10 mL of XWE-6a, 10 mL of 1000 mg/L Mg stock, 10 mL of 1000
mg/L Ca stock, and 20 mL of 1000 mg/L. Na stock solutions. Dilute to volume
with D.I. water.

2. For Sb: Into a 500 mL volumetric flask, add 250 mL of D.I. water and 25 mL of
concentrated HCl. Pipet 0.5 mL of 1000 mg/L Sb stock and dilute to volume
with D.I. water.

3. For Sn: Into a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of

concentrated HCl. Pipet 2.5 mL of 1000 mg/L Sn stock and dilute to volume
with D.I. water.
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Continuing Calibration Verification Standard:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Ag, Na, V, and Zn: Into
a 1 L volumetric flask, add 500 mL D.I. water and 50 mL of concentrated HCL
Pipet 2.0 mL each of XWE-1, XWE-3a, XWE-4a, and 4.0 mL of XWE-2.
Dilute to volume with D.I. water.

2. For Sb: Use Sb Initial Calibration Verification Standard.
3. For Sn: Into a 200 mL volumetric flask, add 100 mL D.I. water and 10 mL of

concentrated HCIL. Pipet 1.0 mL of 1000 mg/L Sn stock and dilute to volume
with D.I. water.

[METALS-549] ICAP-4



Effective 4/~ 30 72

ATOMIC ABSORPTION SPECTROMETRY FLAME-DIRECT ASPIRATION

Scope and Application: Metals in solution can be readily analyzed by Atomic Absorption
Spectrometry using either flame or furnace techniques. The flame-
direct aspiration method can be used for most metals but is generally
not as sensitive as the furnace method. Both the air-acetylene and
nitrous oxide-acetylene flame techniques are described in this operating
procedure as well as the use of emission spectroscopy.

Method: Flame; direct aspiration
Reference: EPA 1984, Section 200
"Analytical Methods for Flame Spectrophotometry”, Varian 1979
Spectr AA - 10/20 Operation Manual, Varian
"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990
Sample Handling:  Acidify aqueous samples with concentrated nitric acid to pH<2. All samples

must be digested prior to analysis (refer to appropriate digestion procedures).
Samples must be analyzed within 6 months from date of collection.

Reagents and A pparatus:

Varian Spectr AA-20

Stock and standard metal solutions
class A volumetric glassware
Instra-analyzed nitric acid
Deionized (D.1.) water

Hollow cathode element lamps
Disposable 10 mL beakers
Eppendorf 100-1000 uL pipetter
Oxford 5 or 10 ml pipetter
Acetylene gas

W=k W =

(S [S
— O
. .

Air supply
Nitrous oxide gas

e
0

13.  Air-acetylene burner head or nitrous oxide-acetylene burner head
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Setup:

Power on instrument. The computer will automatically start with a memory check. When
the first screen appears, it is ready to operate.

‘Note: Allow the instrument to warm up for one half hour before beginning analysis to

allow for thermal equilibrium of electronic and optical components.

Power on printer. Check the paper supply.

Install the desired element lamp in the lamp turret by depressing the middle white button
behind the socket, inserting the lamp, and releasing the button. Ensure that the lamp is
secure and that the connections are fitting properly.

Note: Allow lamp a 10-15 minute warm up period before beginning analysis.

Procedure:

This procedure outlines an analysis as it would be run following the instructions given on
sequential computer screens. Note: Any time during setup the "Index"” key can be used to
go to any screen in the software.

Soft key selections allow the operator to develop program, modify program, or automatic
run. The typical analysis will be run by selecting "Automatic Run."

Note: After completing required information on the present screen use the soft keys to call
up the next screen.

Sequence Selection: This screen lists the programs on file. Use the "Clear Sequence”
soft key to erase the last sequence used, type in the number corresponding to the program
desired, and press "Sequence Selection” soft key. This will automatically recall the
program. ~

Sequence Control: This screen is used for automatic runs and autosampler control.
Verify that appropriate values are entered for "first sample” and "last sample", as the flame
will shut off automatically when the "last sample” value is reached. Go to next screen by
pressing "Report Format" soft key.

Report Format: Use cursor arrows and numeric keys to enter operator (employee
number) and date. The "Home" key is used to change entries of other parameters.

- Sample Labels: Use the cursor arrows and numeric keys to enter all sample labels for the

analytical run. It is recommended to include one or two blank labels at the end of the list
to allow for the addition of any dilutions required.
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Note: Sample labels will only be printed if the automatic run is used.

6. Optimization: This screen is used to optimize wavelength and lamp positon.

Ensure lamp is in the correct position and is turned on.
Select proper slit width.

Release brake ("off") and set approximate wavelength. Set brake ("on") and fine-
tune the wavelength to achieve maximum intensity on Hollow Cathode Lamp (HCL)
bar graph. "Rescale” (soft key) as often as necessary to keep graph on scale.

Optimize lamp position using the adjusting screws on back of the lamp socket.
Adjust for maximum intensity on the bar graph. "Rescale” as often as necessary.

If background correction is used, adjust maximum intensity on background bar graph
by 2 set screws on the background corrector housing. Set attenuator ("In" or "Out")
if necessary. "Rescale” if necessary.

Record the photomultiplier voltage in the instrument log book. A constantly
increasing voltage over time is evidence of decreasing efficiency of the element
lamp. Monitor this voltage to determine when element lamps should be replaced.

Note: HCL and background lamp intensities should match as closely as possible. The
attenuator will decrease the background lamp intensity. A lower lamp current will
decrease the intensity of the element lamp

7. Flame Ignition

d.

Turn on compressed air to 50 psi (35-65 psi)
Turn on acetylene tank; regulator outlet pressure should be 7-15 psi.

Turn on nitrous oxide tank (if necessary - the proper burner head must be in place for
ignition to occur). Regulator outlet pressure should be 50 psi (35-65 psi).

Press "Ignite” key and hold down until flame ignites.

Note: The burner head should be at thermal equilibrium before beginning an analytical
run. Allow a warm-up period of 5 to 10 minutes for an air-acetylene flame, and 10 to 15
minutes for a nitrous oxide-acetylene flame.

[METCONT-200]
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8. Signal Optimization

a.

Press "Optimize Signal" soft key on optimization screen.

Optimize burner head position using horizontal and diagonal adjustments. While
aspirating a high concentration standard, adjust the acetylene flow to achieve
maximum signal intensity.

If necessary, adjust the nebulizer impact glass bead by slowly turning the screw
directly below the nebulizer. Adjust for maximum signal intensity.

9. Flame Emission Procedures

For emission methods, no element lamp or background correction is used. Burner
head position and wavelength are optimized while aspirating the highest
concentration working standard.

Turn the bumer head full right or left (approximately 30° angle).

Select optimization screen.

Adjust wavelength for maximum intensity.

Press "Emission Setup” soft key.

Continue with automatic or non-automatic run procedure.

10. Automatic Run (no autosampler)

Note: Only pre-existing programs can be used.

[METCONT-200}

Press "Start” key to initialize run. Once a run is started, it can be paused by pressing
the "Stop" key, but none of the program parameters can be changed during the
analytical run.

Press "Instrument Zero" key after program has been recalled to establish a zero
instrument baseline.

Aspirate standards or sample and press "Read”. The instrument will display the std
#/sample # on the top of the screen, along with the absorbance.
The "Previous Sample"/"Next Sample” soft keys can be used to repeat a specific
analysis or move ahead in the sample order, “Solution Type" can be used to
restandardize starting at "Blank".
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If more than 66 samples and standards are to be analyzed, add them at the end of the
run and press "Previous Sample” key for each sample. Since the sample labels
cannot be changed, leave the last few labels blank on the Sample Labels page, and
manually write them in when the run is completed.

Press "Stop" key to pause or end the analysis.

11. Non-automatic Run

Note: A modified or newly developed program can be run in this mode, a well as a pre-
existing program.

Set up instrument according to previous instruction. Note that the sample labels and
report format cannot be printed in this mode.

Advance to "Standards" screen by use of soft key on optimization screen or through
the "Index". '

Aspirate standards/samples and press "Read" key as in the automatic run.

In this mode there is no limit to the number of samples that can be included in an
analytical run. However, sample labels will not be printed automatically and must be
manually written. ‘

12. Instrument Shut Down

[METCONT-200]

Close valve on the acetylene tank, the flame will extinguish when all the acetylene is
purged from the line.

Recall program #17 or # (Emission programs), so that lamp turret is zero when the
instrument is initially turned on.

Turn off printer.

Turn off instrument.
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Effective: 1 -2.-9]

POTASSIUM - VARIAN 20
Method: Flame Emission: Direct Aspiration
Reference:  “Analytical Methods for Flame Spectrophotometry, Varian 1979.

“Standard Methods for the Examination of Water and Wastewater”,
16th Edition, Method 322B, 1985.

“Statement of Work for Inorganic Analysis”, ILM01.0, EPA 1990
Detection Limit: 0.10 mg/L

Optimum Range: 0.10 - 10.0 mg/L

N

- Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and filtered
groundwater free of particulate matter and organics may be analyzed
directly, while wastewaters, leachates, solids, etc. must be digested prior to
analysis (refer to appropriate digestion procedures). Analyze within 6

Type of flame: Oxidizing, lean, blue
Standards to use for calibration: 0.50, 1.00, 2.00, 5.00, 10.0 mg/L.

months. \

Instrument Conditions:

1. Instrument mode: Emission

2.  Wavelength: 766.5 nm

3. Slit Width: 1.0

4. Fuel: Acetylene

5. Oxidant: Air

6.

7.

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Potassium Solution (100 mg/L Potassium): Pipet 10 mL of the 1000 ppm
stock potassium solution into a 100 mL volumetric flask, add 0.5 mL HNOs3, and
dilute to volume with D.I. water.

2. Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Potassium Standard to
0.50 mg/L 0.5 mL of 100 mg/L 100 mL
1.00 mg/L 1 mL of 100 mg/L 100 mL
2.00 mg/L 2 mL of 100 mg/L 100 mL
5.00 mg/L 5 mL of 100 mg/L 100 mL -
10.0 mg/L 10 mL of 100 mg/L 100 mL
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Notes:

Samples must be diluted to obtain concentrations within the optimum concentration
range.

Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Flame

- Direct Aspiration section of this manual. :

If potassium is to be analyzed in concentration mode, use the 1.00, 5.00, and 10.0
mg/L. standards to calibrate the instrument and follow the procedure for
analyzing in the concentration mode.

Quality Control:

1.

Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The emission readings
should remain consistent from run to run. If not, necessary troubleshooting must be
performed before continuing (check wavelength, flame head alignment, etc.).

2. A quality control calibration standard of 1.00 mg/L and a blank are to be analyzed,
initially and after every 10 samples. If less than 10 samples are analyzed, a
calibration standard and blank are still required. The last samples analyzed in the
run are to be the calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check standard are to
be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate
results are to be within acceptable ranges, or data must be flagged appropriately.

4. An EPA reference sample will be analyzed with each analysis.

Calculations:
1. Calculate using the instrument concentration mode, or
2. For method of standard additions, use linear regression.

[rff-metcont-280]
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Effective: 7 -2 -G/

SODIUM - VARIAN 20
Method: Flame Emission: Direct Alspiration

Reference:  “Standard Methods for the Examination of Water and Wastewater”,
— 16th Edition, Method 325B, 1985

“Analytical Methods for Flame Spectrophotometry”, Varian, 1979

“Statement of Work for Inorganic Analysis”, ILM01.0, EPA 1990
Detection Limit: 1.0 mg/L

\ Optimum Range: 1.0 - 100 mg/L

— Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and filtered
groundwater free of particulate matter and organics may be analyzed
directly, while wastewaters, leachates, solids, etc. must be digested prior to
analysis (refer to appropriate digestion procedures). Analyze within 6
months.

Instrument Conditions:

Set signal to emission. (No lamp is required.)

Wavelength: 589.0 nm

Slit Width: 0.2 Normal

Fuel: Acetylene

Oxidant: Air

Type of flame: Oxidizing, lean, blue

Standards to use for curve set-up: 1.0, 5.0, 10.0, 25.0, 50.0, 75.0, 100.0 mg/L.

NoWwALDD =

~—

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Sodium Solution (100 mg/L Sodium): Pipet 10 mL of the 1000 ppm stock
sodium solution into a 100 mL volumetric flask, add 1/2 mL HNO3, and dilute to the
mark with D.I. water.

2. Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Sodium Standard to

1.0 mg/L 1 mL of 100 mg/L. Na 100 mL

5.0 mg/L 5 mL of 100 mg/L Na 100 mL
10.0 mg/L 1 mL of 1000 mg/L Na 100 mL
25.0 mg/L 2.5 mL of 1000 mg/LL Na 100 mL
50.0 mg/L 5 mL of 1000 mg/L Na 100 mL
75.0 mg/L 7.5 mL of 1000 mg/L. Na 100 mL
100.0 mg/L 10 mL of 1000 mg/L Na 100 mL
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Notes:

Samples must be diluted to obtain concentrations within the optimum concentration
range.

Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Flame

- Direct Aspiration section of this manual but make the following changes:

1.  Turn the burner head counter clockwise as far as it will go (approximately a 45°

angle).
Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The emission readings
should remain consistent from run to run. If not, necessary troubleshooting must be
performed before continuing (check wavelength, flame head alignment, etc.).

2. A quality control calibration standard of 25.0 mg/L and a blank are to be analyzed,
initially and after every 10 samples. If less than 10 samples are analyzed, a
calibration standard and blank are still required. The last samples analyzed in the
run are to be the calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check standard are to
be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate
results are to be within acceptable ranges, or data must be flagged appropriately.

4. An EPA reference sample will be analyzed with each analysis.

Calculations:
1. Calculate using instrument concentration mode, or
2. For method of standard additions, use linear regression.

[rff-metcont-276}
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Effective Date: 72572

ATOMIC ABSORPTION SPECTROMETRY
Furnace - Direct Injection

Scope and Application: Metals in solution can be readily analyzed by Atomic Absorption
Spectrometry using either flame, furnace or hydride techniques. The
furnace - direct injection technique allows for lower detection limits.
The use of the graphite platform in furnace analyses can improve
sensitivity and reduce some matrix interferences.

Method: Furnace; direct injection

- Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Section 200
"Test Methods for Evaluating Solid Waste - Physical/Chemical Methods", 3rd
Edition, EPA November 1986
"Analytical Methods for Zeeman Graphite Tube Atomizers" - Varian 1986
“Spectra AA - 300/400 Zeeman Operation Manual” - Varian March 1988

Sample Handling: Acidify aqueous samples with concentrated nitric acid to ph< 2. All samples
must be digested prior to analysis (refer to the appropriate digestion
procedures). Samples must be analyzed within 6 months of the sample
collection date.

Reagents and Apparatus:

Zeeman Atomic Absorption Spectrometer - 400
Zeeman Graphite tube Atomizer
IBM Personal Systemy2 Model 30 Computer
EPSON EX-800 Printer, Citizen HSP-500 printer, or similar adaptable printer.
Required metal lamp and power source
Stock and standard solutions for required metal
Class A volumetric glassware
Instr-analyzed nitric acid
Deionized (D.1.) water

. Argon gas - prepurified grade

. Graphite partition tubes

. Graphite plateau tubes and platforms

. Disposable 2 mL sample cups

Eppendorf 100-1000 microliter pipetor

. Disposable 10 ml beakers
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Procedure:

Power Up Procedure

1. Turn on argon gas and cooling water.

2. Always turn the system on in the following order: spectrometer, furnace, printer, and
computer. This initializes the communication relays correctiy so that all components of the
system can "talk" to each other.

3. After the DOS prompt has been displayed, type "Zeeman" and press Enter. After a brief
pause, an introductory message will then be displayed followed by the PROGRAM

MODES page. Follow the on-screen instructions to select the appropriate mode.

Automatic Run Using the Sampler:

Notes:
a. Only programs which have been stored can be used for an automatic run.

b. For all programs, the method of sample introduction (instrument parameters page)
must be specified as sampler automixing (for automatic mixing of calibration
standards from a single, high concentration standard) or sampler premixed (for a full
set of calibration standards that are prepared by the operator prior to analysis).

c. Options on the report format page allow raw data to be printed either as it is
collected during an analytical run (used for most analyses), or after the analysis is
completed (used for sequential runs of multiple elements).

d. If an automatic run is stopped and then restarted, the sampler will automatically
perform a tube clean and analyze a blank. It will then continue on according to the
instructions set in the sequence control page.

e. F9 through F12 are hard keys with their function on the supplied overlay. F1 through
F6 are soft keys; their functions will change from one page to the next. The function
for each soft key is displayed at the bottom of the screen and only those displayed are
active for that page.
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f.  Any page described below can be recalled by returning to the index and entering the
appropriate page number.

Perform daily maintenance. Check the condition of the graphite tube and replace as
necessary.

From the program modes page, press automatic run. The system will automatically
display the sequence selection page.

On the sequence selection page, press F1 to clear the sequence of previous element(s) and
enter the number of the program to be run. If more than one program is to be run, press
enter after each element program number. Press F6 to recall program. The sequence
control page will automatically be displayed.

Follow on-screen instructions to enter the number of initial tube burns for cleaning (1 or 2
for previously used furnace tubes, 3 or 4 burns for new tubes), the starting position for the
run (usually position #1), and the last position for the run. Note that when the analysis at
the last position is completed, the automatic run is terminated and the element lamp is shut
off automatically. Setting the final position to leave several empty cups at the end of the
analytical run allows necessary repeats or dilutions to be added to the end of the current
run, saving lamp warm-up and calibration time.

Return to the index and select page 6 (optimization)

a. Open the lamp turret cover and ensure that the required lamp is in the operating
position.

b. Observe the signal bar labelled align hc lamp displayed on the video screen. Tumn the
horizontal lamp base adjusting screw (the top one of the two) fully clockwise. Now
turn this screw slowly counter-clockwise until the first peak is detected (the length of
the signal bar will increase). Continue adjusting this screw until the length of the
signal bar is the maximum obtainable (if the signal bar is fully extended, press the
rescale soft key, F1, to bring the signal bar back on scale and again adjust the screw to
obtain maximum signal. Note particularly that turning the horizontal adjusting screw
further counter-clockwise may produce a second peak. Do not align the lamp on this
second peak - always align the lamp on the first peak. Carefully adjust the vertical
adjusting screw (the bottom one of the two) so that the length of the signal bar is the
maximum obtainable (if necessary, press F1 to rescale the signal bar).
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c. Record the photomultiplier voltage in the instrument log book. A constantly
increasing voltage over time is evidence of decreasing efficiency of the element lamp.
Monitor this voltage to determine when element lamps should be replaced.

d. When switching from partition to platform tubes (or vice-versa), check the position of
the graphite tube automizer:

Hold a piece of white card between the night furnace window and the sample
compartment window. Use the furnace vertical adjust and position the furnace
unit until light from the hollow cathode lamp is obviously passing through the
graphite tube onto the card.

Remove the card. Observe the signal bar labelled align hc lamp displayed on
the video screen. Use the furnace vertical adjust and carefully adjust the position
of the furnace unit until the length of the signal bar is the maximum obtainable.

Use the soft key indicated, or return to index to select standards page. This page tells
which standards are to be used for calibration.

Use the soft key indicated, or return to index to select sampler page. This page lists the
volume of standards, blanks, samples and modifier that are to be used for analysis.

At the sampler page, press F2 to align the sampler arm. Place a finger on the arm as it
starts to descend into the furnace and gently lower the arm by hand. Carefully adjust the
sampler position using the two adjustment knobs on the base of the autosampler so that the
capillary is exactly in the center of the sample injection hole. With the capillary down in
the fumace, and using the mirror, turn the height adjusting screw so the capillary is about 1
mm above the bottom of the tube or platform.

Return to index and select report format page. Enter operator initials, analysis date, and
batch number. Review the defaults set for the remaining parameters. Follow the on-screen
instructions for using the home key to make any needed changes.

If sample labels are to be printed with the raw data, press F6 and enter appropriate labels.
Note that the Tab key will jump the cursor to the next field; the T and { keys to move the
cursor up and down the columns.
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10. Press F10 to zero the instrument before beginning analysis. Press F11 to start the
automatic run.

11. To change basic operating conditions (these are default conditions recalled automatically
with the analytical program), press F12 to pause run, return to the index and select page 4,
instrument parameters. Parameters may be changed using the home key or soft keys as
indicated. Press F11 to resume the analytical run.

Furnace Maintenance:

The following maintenance is to be done each day the furnace is operated:
1. Clean the furnace windows.

Twist out furnace windows from furnace unit.

Wipe windows with a Q-tip moistened with alcohol.
Rinse windows with D.I. water and dry with a Kim-Wipe
Re-insert windows in furnace.

aoc o

2. Check machine windows and clean if needed.
3.  Wipe inside of furnace with a Q-tip moistened with alcohol.

4. Fill the autosampler rinse bottle with D.I. water.

w

Open the syringe compartment door on the autosampler and pull the syringe assembly
carefully out of its mounting. Remove the plunger from the syringe, and on the sampler
page, press F3 to rinse the syringe and bleed any air bubbles from the syringe. Press F3
and rinse again, while water is dripping from syringe insert the plunger into the syringe.
Wipe the syringe dry and carefully re-insert in its mounting. '

o

Inserting graphite tube
a. Swingtoggle lever on top of furnace fully clockwise to open furnace.

b.  Place graphite tube in the graphite shroud in the center block. Align sample
introduction port of the graphite tube with the opening in the furnace block.
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Swing the toggle lever fully counter-clockwise and the righthand electrode assembly
will automnatically close on the center block.

Before using a new graphite tube for analyses, use the tube clean utility (signal
graphics page) 3-4 times to remove any contamination. This can be done
automatically by entering 3 or 4 tube cleans in the appropriate field on the sequence
control (page 11) before starting an analytical run.
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Effective Date: O 7’7&

ANTIMONY - VARIAN 400
Method: AA - Furnace; Direct Injection |
Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 204.2

"Test Methods for Evaluating Solid Waste - Physical/Chemical Methods", 3rd
Edition, EPA November 1986, Method 7041

"Analytical Methods for Zeeman Graphite Tube Atomizérs", Varian, 1986
"Statement of Work for Inorganic Analysis”, ILM01.0, EPA 1990

Detection Limit: 0.005 mg/L

Optimum Range: 0.005 - 0.100 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area

Lamp Current (mA): 14

Slit Width (nm): 0.2

Slit Height: Normal
Wavelength (nm): 217.6

Sample Introduction: - Sampler Premixed
Time Constant: 0.05 )
Measurement Time (sec): 2.0

Replicates: 2

Background Correction: On

Maximum Absorbance: 1.40
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Notes:

o

4.

S.

Samples must be diluted to obtain concentrations within the optimum concentration range.

Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

The use of background correction is required.
The use of halide acids should be avoided.

Nickel nitrate is added as a matrix modifier to control interferences.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -

Direct Injection section of this manual.

Use the 25.0, 50.0, and 100.0 ug/L standards for instrument calibration.

Quality Control:

L.

Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 25.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 50.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

Analyze a standard at, or less than, the contract required detection limit after the inital
calibration verification and blank.
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4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

5. Forevery sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a.  If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See the
Furnace Decision Tree for more detail.)

6. An EPA reference standard will be analyzed with each analysis.
" Calculations:
1. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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Method: AA - Furnace; Direct Injection

ARSENIC - VARIAN 400

Effective Date: #-28 72—

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 206.2

"Test Methods for Evaluating Solid Waste - Physical/Chemical Methods", 3rd

Edition, EPA November 1986, Method 7060

"Analytical Methods for Zeeman Graphite Tube Atomizers"-Varian, 1986

“Statement of Work for Inorganic Analysis”, ILM01.0, EPA 1990

Detection Limit: 0.002 mg/L

Optimum Range: 0.002 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.

All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode:
Calibration Mode:
Measurement Mode:
Lamp Current (mA):
Slit Width (nm):

Slit Height:
Wavelength (nm):
Sample Introduction:
Time Constant:

Measurement Time (sec):

Replicates:
Background Correction:
Maximum Absorbance:

[METCONT-297)

Absorbance
Concentration
Peak Area

10

1.0

Normal

193.7
Sampler Premixed
0.05

1.0

2

On

0.95
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FURNACE PARAMETERS

Hot inject samples at 125° C

Time Gas Flow Read
Step Temp (°C) (sec) (L/min) Gas Type Command

1 220 1.0 3.0 NORMAL NO
2 240 35.0 3.0 NORMAL NO
3 240 5.0 3.0 NORMAL NO
4 1400 5.0 3.0 NORMAL NO
5 1400 10.0 3.0 NORMAL NO
6 1400 1.0 0.0 NORMAL NO
7 2600 0.8 0.0 NORMAL  YES
8 2600 2.0 0.0 NORMAL YES
9 2600 1.0 3.0 NORMAL NO

Sample Volume: 20 uLL

Matrix modifier volume: 5 uL (0.25% nickel nitrate).
Calibration standards: 10.00, 20.00, 50.00 ug/L.
Hot Inject: Yes, Temp = 125°C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation:

1. Standard Arsenic Solution (1000 ug/L Arsenic): Pipet 1.00 mL of the 1000 ppm stock
arsenic solution into a 1000 mL volumetric flask, add 0.5 mL HNOg and dilute to the mark
with deionized water. Prepare fresh monthly.

2. Calibration standards: Digest according to the appropriate digestion procedure. Prepare
fresh monthly.

Concentration Volume of Dilute -
of Standard Arsenic Standard to

0 ug/L 0 mL of 1000 ug/L As 100 mL

10 ug/L 1 mL of 1000 ug/L As 100 mL

20 ug/L 2 mL of 1000 ug/L As 100 mL

50 ug/L S mL of 1000 ug/L As 100 mL
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Notes:

4.

Nickel Nitrate (0.25%): In a 100 mL volumetric flask dissolve 1.25 g of Ni(NO3)2 " 6H,0
in D.I. water and dilute to 100 mL. Prepare fresh every 6 months.

Samples must be diluted to obtain concentrations within the optimum concentration range.

Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

Nickel nitrate is added as a matrix modifier to minimize volatilization losses during the
drying and charring steps.

The use of background correction is required.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -

Direct Injection section of this manual.

Use the 10.0, 20.0, and 50.0 ug/L standards for instrument calibration.

Quality Control:

1.

Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continting (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 10.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 20.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB. '
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3. Analyze a standard at, or less than, the contract required detection limit of 10 ug/L after the
initial calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are

to be within acceptable ranges, or data must be flagged appropriately.

5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See the
Fumace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.

Calculations:
1. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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Effective Date; Z/Zf/? ‘ ’72,

CADMIUM - VARIAN 400
Method: AA - Furnace; Direct Injection
Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 213.2
" Analytical Methods for Zeeman Graphite Tube Atomizers”, Varian, 1986
"Statement of Work for Inorganic Analysis”, ILM01.0, EPA 1990

Detection Limit: 0.0002 mg/L

« Optimum Range: 0.0002 - 0.0030 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area
Lamp Current (mA): 3

Slit Width (nm): 0.5

Slit Height: Nommal
Wavelength (nm): 228.8

Sample Introduction:
Time Constant:

Sampler Premixed
0.05

Measurement Time (sec): 1.0
Replicates: 2
Background Correction:  On
Maximum Absorbance: 0.70

[METCONT-292]
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FURNACE PARAMETERS
Hot inject samples at 125R C

Time Gas Flow Read
Step Temp (RC) (sec) (L/min) Gas Type Command

1 230 1.0 30 NORMAL NO
2 260 35.0 30 NORMAL NO
3 260 50 30 NORMAL NO
4 700 5.0 30 NORMAL NO
5 700 5.0 30 NORMAL NO
6 700 1.0 0.0 NORMAL NO
7 2000 0.8 0.0 NORMAL YES
8 2000 2.0 0.0 NORMAL YES
9 2000 20 3.0 NORMAL NO

Sample Volume: 12 ulL

Matrix Modifier Volume: 4 uL (Monobasic ammonium phosphate)

Calibration standards: 1.00, 2.00, 3.00 ug/L

Hot Inject: Yes, ;l‘emp = 125R C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Cadmium Solution (1000 ug/L Cadmium): Pipet 1.00 mL of the 1000 ppm
stock cadmium solution into a 1000 mL volumetric flask, add 0.5 mL HNO3, and
dilute to the mark with D.I. water. Prepare fresh daily.

2. Working Cadmium Solution (100 ug/L Cadmium): Pi%et 10 mL of the 1000 ug/L
cadmium into a 100 mL volumetric flask and dilute to the mark with D.1. water.

Prepare fresh daily.
3. Standards (Prepare fresh daily.):
Concentration Volume of Dilute
of Standard Cadmium Standard to
1.00 ug/L 1 mL of 100 ug/L Cd 100 mL
2.00 ug/L 2 mL of 100 ug/L Cd 100 mL
3.00 ug/L 3 mL of 100 ug/L Cd 100 mL
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4. Monobasic Ammonium Phosphate Solution (1% w/v): Add 1.0 g of ammonium
phosphate (monobasic) to a 100 mL volumetric flask. Dissolve in D.I. water and dilute to
volume.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

3. The use of background correction is required. N

4. The cadmium flame or ICP procedure is recommended where concentrations are greater
than 0.10 mg/L.

5. Ammonium phosphate is added as a matrix modifier to improve peak shape and allow
higher ashing temperatures.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry,
Furnace - Direct Injection section of this manual.
Use of peak area is required.
Use the 1.00, 2.00, and 3.00 ug/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)

standard of 1.00 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 2.00 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.
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Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

(F3]

4. Duplicate and spike a minimum of | out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

5. Forevery sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed wi;h each analysis.
Calculations:

1. 'Calculate using instrument concentration mode, or

2. For method of standard additions calculate using linear regression.

[rff-metcont-292)
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CHROMIUM - VARIAN 400

Method: AA - Furnace; Direct Injection

Effective Date: 7/ 30 '7L

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 218.2.

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.0002 mg/L

Optimum Range: 0.0002 - 0.010 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode:
Calibration Mode:
Measurement Mode:
Lamp Current (mA):
Slit Width (nm):

Slit Height:
Wavelength (nm):
Sample Introduction:
Time Constant:

Measurement Time (sec):

Replicates:
Background Correction:
Maximum Absorbance:

[METCONT-289]
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FURNACE PARAMETERS

Hot inject samples at 95° C

Time Gas Flow Read
Step Temp (°C) (sec) (L/min) Gas Type Command
1 105 5.0 3.0 NORMAL NO
2 120 12.0 3.0 NORMAL NO
3 150 3.0 3.0 NORMAL NO
4 1000 10.0 3.0 NORMAL NO
5 1000 5.0 3.0 NORMAL NO
6 1000 2.0 0.0 NORMAL NO
7 2600 1.2 0.0 NORMAL YES
8 2600 2.0 0.0 NORMAL  YES
.9 2600 2.0 3.0 NORMAL NO

Sample Volume: 20 uL

Matrix Modifier Volume: 5 uL of mixed calcium nitrate/H, O solution
Calibration standards: 2.00, 5.00, 10.0 ug/L.

Hot Inject: Yes, Temp = 95°C.

Graphite Tube Type: Pyrolytic coated partition tube

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Chromium Solution (1000 ug/L Chromium): Pipet 1.00 mL of the 1000 ppm
stock Chromium solution into a 1000 mL volumetric flask, add 0.5 mL HNO3, and dilute to
volume with D.I. water. Prepare fresh daily.

2. Working Chromium Standard (100 ug/L Chromium): Pipet 10 mL of the 1000 ug/L
chromium into a 100 mL volumetric flask and dilute to volume with D.1. water. Prepare
fresh daily.

3. Standards: (Prepare fresh daily.)

Concentration ' Volume of Dilute
of Standard Chromium Standard to
2.00 ug/L 2.0 mL of 100 ug/L Cr 100 mL
5.00 ug/LL 5.0 mL of 100 ug/L Cr 100 mL
10.0 ug/L 10.0 mL of 100 ug/L Cr 100 mL
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4. Calcium Nitrate/Peroxide Solution: Dissolve 0.59 grams of Ca(NO3)204H20 in
approximately 75 mL of D.I water in a 100 mL volumetric flask. Add 5.0 mL 30% H,0,
and dilute to volume with D.I. water (solution contains 1000 mg/L Ca).

Notes:
1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
direct Injection section of this manual.

Use the 2.00, 5.00 and 10.0 ug/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 5.00 ug/L and calibration blank (ICB) are to be analyzed. Thereafter. a
continuing calibration verification (CCV) standard of 5.00 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are

analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.
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5. Forevery sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.
Calculations:
1. Calculate using instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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Effective Date ;_@1{2

LEAD - VARIAN 400

Method: AA - Fumace; Direct Injection
Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 239.2

"Analytical Methods for Zeeman Graphite Tube Atomizers”, Varian, 1986.

"Statement of Work for Inorganic Analysis", [LM01.0, EPA 1990

Detection Limit: 0.003 mg/L

~~ QOptimum Range: 0.003 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area
Lamp Current (mA): 4
Slit Width: 0.5
Slit Height: Normal

~ Wavelength 283.3

Sample Introduction:
Time Constant:

Sampler Premixed
0.05

Measurement Time (sec): 1.0
Replicates: 2
Background: On
Maximum Absorbance: 1.40
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FURNACE PARAMETERS

Hot inject samples at 125RC

Time Gas Flow Read
Step Temp (RC) (sec) (L/Min) GasType Command

1 220 1.0 3.0 NORMAL NO
2 240 35.0 3.0 NORMAL NO
3 240 5.0 3.0 NORMAL NO
4 650 5.0 3.0 NORMAL NO
5 650 15.0 3.0 NORMAL NO
6 650 1.0 0.0 NORMAL NO
7 2200 0.9 0.0 NORMAL YES
8 2200 2.0 0.0 NORMAL YES
9 2500 2.0 3.0 NORMAL NO

Sample Volume; 20 ul

Matrix modifier volume: 5 uL 0.5% w/v Ammonium Phosphate Monobasic or 5 ul of
lanthanum nitrate modifier.

Calibration standards: 3.0, 10.0, 20.0, 50.0 ug/L

Hot Inject: Yes, Temp = 125RC.

Graphite Tube Type: Pyrolytic Coated Plateau Tube

Reagent Preparation; (Prepare fresh every 6 months unless otherwise noted.)

1. Standard lead solution (10.0 mg/L Lead): get 1.0 mL of the 1000 ppm stock lead
solution into a 100 mL volumetnc flask, add 0.5 mL HNOj3 and dilute to volume with
deionized water. Prepare fresh daily.

2. Standard lead solution (100ug/L Lead): Pipet 1.0 mL of the 10.0 mg/L lead standard

into a 100 mL volumetric flask, add 0.5 mL HNO3 and dilute to volume with
deionized water. Prepare fresh da11y
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Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Lead Standard to
3.0 ug/L 3 mL of 100 ug/L Pb 100 mL
10.0 ug/L 10 mL of 100 ug/L Pb 100 mL
20.0 ug/L 20 mL of 100 ug/L Pb 100 mL
50.0 ug/L 50 mL of 100 ug/L Pb 100 mL

Ammonium phosphate matrix modifier (0.5% w/v): Dissolve 0.5g ammonium
phosphate monobasic in 100mL D.I. water.

Lanthanum nitrate matrix modifier: Dissolve 5.864¢g of La;0O3 in 10 ml concentrated
nitric acid and dilute to 1 L with D.I. water.

Samples must be diluted to obtain concentrations within the optimum concentration range.
Standards are to be prepared in the same acid concentrations as the samples being analyzed.
The use of background correction is required.

Ammonium phosphate is added as a matrix modifier to improve peak shape and allow
higher ashing temperatures. Ammonium phosphate is the preferred matrix modifier for

groundwater, residential wells, and any other samples where chloride or sulfate

concentrations are expected to be less than 100 mg/L. Due to its more corrosive nature,
lanthanum nitrate should be used as matrix modifier only if chloride and/or sulfate

concentrations are expected to exceed 100 mg/L.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -

Direct Injection section of this manual.

Use the 3.0, 10.0, 20.0 and 50.0 ug/L standards for instrument calibration.
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Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 20.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 20.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are

to be within acceptable ranges, or data must be flagged appropriately.

S. Forevery sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.
Calculations:
1. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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SELENIUM - VARIAN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 270.2

"Analytical Methods for Zeeman Graphite Tube Atomizer"-Varian, 1986

Effective Date;

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.002 mg/L

' Optimum Range: 0.002 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode:
Calibration Mode:
Measurement Mode:
Lamp Current (mA):
Slit Width (nm):

Slit Height:
Wavelength (nm):
Sample Introduction:
Time Constant:

Measurement Time (sec):

Replicates:
Background Correction:
Maximum Absorbance:
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FURNACE PARAMETERS

Hot inject samples at 125°C

Time Gas Flow Read
Step  Temp (°C) (sec) (L/min) Gas Type Command

1 220 1.0 3.0 NORMAL NO
2 240 35.0 3.0 NORMAL NO
3 240 5.0 3.0 NORMAL NO
4 1400 5.0 3.0 NORMAL NO
5 1400 10.0 3.0 NORMAL NO
6 1400 1.0 0.0 NORMAL NO
7 2600 0.8 0.0 NORMAL  YES
8 2600 2.0 0.0 NORMAL YES
9 2600 1.0 3.0 NORMAL NO

Sample Volume: 20 uL

Matrix Modifier Yolume: S uL (0.25% nickel nitrate)
Standards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/L.
Hot Inject: Yes, Temp = 125°C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation:

1. Standard selenium solution (1000 ug/L Selenium): Pipet 1.00 mL of the 1000 ppm stock
selenium solution into a 1000 mL volumetric flask, add 0.5 mL HNO; and dilute to volume
with D.1. Prepare fresh monthly.

2. Calibration standards: Digest standards according to the appropriate digestion procedure.
Prepare fresh monthly.

Concentration Yolume of Dilute
of Standard Selenium Standard to
5.0 ug/L 0.5 mL of 1000 ug/L Se 100 mL
10.0 ug/L I mL of 1000 ug/L Se 100 mL
20.0 ug/L 2 mL of 1000 ug/L Se 100 mL
50.0 ug/L 5 mL of 1000 ug/L Se 100 mL
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Notes:

3.

Nickel Nitrate (0.25%): In a 100 mL volumetric flask dissolve 1.25 g of Ni(NO3)2 :
6H-O in D.I. water and dilute to 100 mL. Prepare fresh every 6 months.

Samples must be diluted to obtain concentrations within the optimum concentration range.

Chloride (> 800 mg/L) and sulfate (> 200 mg/L) interfere with this selenium procedure.
Nickel nitrate is added as a matrix modifier to minimize these interferences.

Background correction is required.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -

Direct Injection section of this manual.

Use the 5.0, 10.0, 20.0 and 50.0 mg/L standards for instrument calibration.

Quality Control:

1.

Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 10.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 20.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.
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5. Forevery sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

If the spike recovery is within 85 - 115%, standard additions are not required.

If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference standard will be analyzed with each analysis.
Calculations:
I. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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SILVER - VARIAN 400

Method: AA - Furnace; Direct Injection

Effective Date: 4/'23 ’7”2—

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 272.2

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.0005 mg/L

" Optimum Range: 0.0005 - 0.010 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.

All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode:
Calibration Mode:
Measurement Mode:
Lamp Position:

Lamp Current (mA):
Slit Width (nm):

Slit Height:

Wavelength (nm):
Sample Introduction:
Time Constant;
Measurement Time (sec):
Replicates:

Background Correction:
Maximum Absorbance:

[METCONT-277)
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FURNACE PARAMETERS

Hot inject samples at 95° C

Time Gas Flow Read
Step Temp (°C) (sec) (L/min) Gas Type Command
1 105 5.0 3.0 NORMAL NO
2 120 12.0 3.0 NORMAL NO
3 400 5.0 3.0 NORMAL NO
4" 400 1.0 3.0 NORMAL NO
5 400 2.0 0.0 NORMAL NO
6 2000 0.9 0.0 NORMAL  YES
7 2000 2.0 0.0 NORMAL  YES
8 2000 2.0 3.0 NORMAL NO

Sample Volume: 20 uL

Calibration standards: 1.00, 4.00, 10.00 ug/L.

Hot Inject: Yes, Temp =95°C

Graphite Tube Type: Pyrolytic coated partition tube

Reagent Preparation:

1. Standard Silver Solution (1000 ug/L Silver): Pipet 1.00 mL of the 1000 ppm stock silver
solution into a 1000 mL volumetric flask, add 5.0 mL HNO3 and dilute to the mark with

D.1. Prepare fresh daily.

2. Working Silver Standard (100 ug/L Silver): Pipet 10 mL of the 1000 ug/L silver
standard into a 100 mL volumetric flask and dilute to the mark with D.I. Prepare fresh
daily.

3. Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Silver Standard to
1.00 ug/L 1 mL of 100 ug/L Ag 100 mL
4.00 ug/L 4 mL of 100 ug/L Ag 100 mL
10.0 ug/L 10 mL of 100 ug/L Ag 100 mL
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Notes:

Samples must be diluted to obtain concentrations within the optimum concentration range.
Standards are to be prepared in the same acid concentrations as the samples being analyzed.

Background correction is required.

. The use of halide acids should be avoided.

Silver standards are light sensitive and tend to plate out on the container walls. Silver
standards should be stored in amber glass bottles rather than plastic.

- ‘Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -

Direct Injection section of this manual.

Use the 1.0, 4.0 and 10.0 ug/L standards for instrument calibration.

Quality Control:

L.

Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 1.00 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration vernfication (CCV) standard of 4.00 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns.
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem-
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.
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4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

'Un

a. If the spike recovery 1s within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (Sce
Furnace Decision Tree for more detail.)

6. An EPA reference standard will be analyzed with each analysis.
Calculations:
1. Calculate using instrument concentration mode, or

2. For method of standard additions calculate using linear regression.

[METCONT-277} Agd002C-4 Rev Date 04/92



WARZYN
A FURNACE CLP DECISION TREE

PREPARE AND ANALYIZ
SAMPLE AND CNE
SPIKE ( 2 X CROL )
{ OCU3.E INJECTICNS
. REQUIRED )

L

|
ANALYSZS WITHIN NGO CLUTE SamPLE
CAUBRATICN RaNGE » AND SPIXE
- |
YES
- QUANTITATE FRGM
e Ry NO g  CALERATICN CuRvE
= N3 RI2ORT DOWN
umMITS ( 85-115% ) AN R o o
b
YE3
QUANTITATE BY MSA
WITH 3 SPIKES
( ONLY SINGLE
INJECTIONS REQUIRED )
- )

Y | ‘

IF YES RI=ZaT CuLY CNCE

CORIAILATICN CIEFFICIENT CILUTS SaupLe 10X CORRELATION CoLimCiENT
LESS THaAN 0.99% IF STiLL YE3 ANT FTANALYZIE LIES TraN Q563
P gy usa

F‘Y

NO YeS
CALCULATE BY LINZaR CALCULATE 8Y UNEAR
REGRESSICN, REPCRT REGRESSION, REPQAT
TO ICL ANC FLAG ’ . TO 1I0L AND FLAS
DATA WITH °5° CATA WITH *+° "

A

IO\ 4~ 19C0C



Effective Date: 91‘2—?' G0

THALLIUM - 400 VARIAN
Method: AA - Furnace; Direct Injcction
Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 279.2
"Analytical Methods for Zeeman Graphic Tube Atomizers" - Varian 1986.
"Statement of Work for Inorganic Analysis", ILMO01.0, EPA 1990

Detection Limit: 0.003 mg/L

~— Optimum Range: 0.003 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area
Lamp Current (mA): 10

Slit Width (nm): 0.5

Slit Height: Normal
Wavelength (nm): 276.8

Sample Introduction:
Time Constant:

Sampler Premixed

0.05

Measurement Time (sec): 1.0
Replicates: 2
Background Correction:  On
Maximum Absorbance: 0.55
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FURNACE PARAMETERS

Hot inject samples at 125° C

Time Gas Flow Read
Step Temp (°C) (sec) (L/min) Gas Type Command

1 220 3.0 3.0 NORMAL NO
2 240 35.0 3.0 NORMAL NO
3 240 5.0 3.0 NORMAL NO
4 500 5.0 3.0 NORMAL NO
5 500 10.0 3.0 NORMAL NO
6 500 1.0 0.0 NORMAL NO
7 2400 1.0 0.0 NORMAL  YES
8 2400 2.0 0.0 NORMAL YES
9 2400 1.0 3.0 NORMAL NO

Sample Volume: 20 uL

Matrix Modifier Volume: 5 ul (1% H,S0,)
Calibration standards: 10.00, 25.00, 50.00 ug/L.
Hot Inject: Yes, Temp = 125°C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Thallium Solution (1000 ug/L Thallium): Pipet 1.00 mL of the 1000 ppm
stock thallium solution into a IQOO mL volumetric flask, add 0.5 mL HNO3 and dilute to
volume with D.I. water. Prepare fresh daily.

2. Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Thallium Standard to
10.0 ug/L 1.0 mL of 1000 ug/L T1 100 mL
25.0 ug/L 25mLof 1000 ug/LTI 100 mL
50.0 ug/L 5.0 mL of 1000 ug/L Tl 100 mL

3. HZSO4 1.0% Solution: Add 1.0 mL of concentrated H2$O4 to 90 mL D.I. water. Dilute

to 100 mL.
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Notes:

4.

Samples must be diluted to obtain concentrations within the optimum concentration range.
Standards are to be prepared in the same acid concentrations as the samples being analyzed.
1% H,SO, is added as a matrix modifier.

The use of background correction is required.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -

Direct Injection section of this manual.

Use the 10.0, 25.0 and 50.0 mg/L standards for instrument calibration.

Quality Control:

1.

~

Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace align